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CHAPTER IX. (Continued.) 
OF METALS. 
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DIVISION II. 


METALS THAT ABSORB OXYGEN AT HIGH TEMPERATURES, BUT DO 
NOT DECOMPOSE WATER, EXCEPT AT A RED HEAT. 


SECTION XIV. 


“AR 
k te 


Manganese. 


MANGANESE never occursas a natural productin a metallic 
state; the black substance, known in commerce by that name, 
being a compound of manganese with a large proportion o 
oxygen. It is by no means, however, a pure oxide of manga- 
nese, for, besides carbonate of lime, which is occasionally pre- 
sent in it, it contains also oxides of iron, copper, and lead, and 
sometimes a small quantity of baryta. ‘To purify it, equal parts 
of manganese and sulphuric acid may be heated together, till 
the vapour of sulphuric acid ceases to appear. <A solution of 
the residuum can of course contain neither baryta nor lead, and 
consists only of the sulphates of manganese, iron, and copper. 
To remove the two latter metals, pass sulphureted hydrogen 
through the solution, and then concentrate it by evaporation. 
Spirit of wine, containing from 80 to 90 per cent. alcohol, 
divides the solution into two parts, the lower of which soom 
deposits sulphate of manganese; and from this, carbonate of 
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potassa precipitates carbonate of manganese, capable of yield- 
ing all the different oxides of that metal.* 

Mr. Faraday has employed a simpler process for obtaining 
oxide of manganese in solution, without any other metal. It 
consists in heating excess of common black oxide with mu- 
riate of ammonia in a crucible. The chlorine, which is disen- 
gaged, seizes the manganese in preference to any other sub- 
stance; and, on adding water and filtering, a pure solution of 
muriate of manganese is obtained. No iron, copper, cr other 
metal, is taken up so long as any spare oxide of manganese is 
present. From the solution, bi-carbonate of potassa throws 
down a pure carbonate, from which the carbonic acid may be 
expelled by heat. (Quarterly Journal, vi. 358.) If iron be al- 
ready ina state of solution in sulphuric or muriatic acid, along 
with manganese, the two metals may easily be separated, as Mr. 
Hatchett has shown, by ammonia, which throws down the 
oxide of iron, but forms with the manganese a soluble triple 
salt. The most improved method of effecting this separation 
will be described in the section on the Analysis of Minerals. 

From the oxide, metallic manganese may be obtained by 
mixing it, after being finely powdered, with pitch, making it 
into a ball, and putting this into a crucible with powdered 
charcoal, one tenth of an inch thick on the sides, and one 
fourth of an inch deep at the bottom. The empty space is then 
to be filled with powdered charcoal, a cover is to be luted on, 
and the crucible exposed, for one hour, to the strongest heat 
that can be raised. Mr. Faraday has succeeded in obtaining 
metallic manganese in large globules from the triple tartrate of 
manganese, by heating it in a crucible in a wind furnace per se. 

This metal is of a dusky white colour, and bright.and 
shining in its fracture. Its specific gravity was found by Dr. 
John to be 8.013. It is very brittle, and even less fusible 
than iron, requiring a heat of 160° Wedgewood to melt it. 
It is not attracted by the magnet ; except when contaminated 
with a small quantity of iron. When exposed to the air, it 
soon crumbles into a blackish brown powder, in consequence 
of its oxidation, and becomes in succession grey, violet, 


brown, and finally black. 
| * Ann. of Philosophy, N.S.1. 50, 
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I. Oxides of Manganese. 


There is a remarkable want of agreement in different 
statements of the composition of the oxides of manganese, and 
even of the number of those oxides; and, as it is not easy 
to decide which is most to be relied upon, I shall give the 
results of several analysts, in order that the reader may ex- 
ercise his own judgment on the subject.. Sir H. Davy ad- 
mits only two, one of a dark olive colour, consisting of 21 
oxygen to 79 metal; the other of a dark brown colour, con- 
taining almost 10 per cent. more of oxygen.* Dr. John, in 
a memoir published in the 2d and 3d -olunies of Dr. Thom- 
son’s Annals, enumerates three oxides of manganese, the 
green, the brown, and the black. The green is formed by the 
action of metallic manganese on water, from which, he asserts, 
that it takes oxygen, and disengages hydrogen gas, apparently 
holding some of the metal in solution. The brown oxide was 
formed by exposing the last mentioned one to the air, till it 
ceased to gain weight, and then drying it quickly. The third, 
or black oxide, was prepared by dissolving manganese in nitric 
acid, evaporating, and drying by a heat sufficient to expel the 
nitric acid, but not to decompose the oxide. The brown oxide 
still continued to absorb oxygen, when exposed to the atmos- 
phere; but the black, when ignited, gave oxygen gas. ‘The 

composition of these oxides is stated by Dr. John as follows: 


Metal. Oxygen. Metal. Oxygen. 
betoxite (areemys: 7) cine 1S 22 0.0 2 100 .... 14,942 
mrirostde (brown) .4 80) 9 recsie 120.0550 ~ 2 100... «25. 
Sd ‘oxide (black) 5) 7193 04-0) 2867-2. «02 100 ..'.: 40.19 


Berzeliust admits the composition of the green oxide, as 
stated by Dr. John, with a slight alteration; but corrects that 
of the second and third, and adds, also, two other oxides, the 
one with less oxygen, and the other with more than any of 
those which have been alre ady cited. The first is obtained by 
exposing metallic manganese in a vessel loosely corked; but 
there can be little doubt, from its properties, that it is a mix- 

* Elements of Chem. Phil. 869. + 87 Ann. de Chim. 149. 
pe 
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ture of the metal and the green oxide. The second, described 
also by Dr. John, results from the action of water on metallic 
manganese; the third from the action of acids; and the fourth 
from calcining the nitrate. The fifth and last is the black 
oxide of manganese, which is become important from its use 
in preparing chlorine. By exposure to a strong heat, 100 
parts of this oxide lose 11.3 of oxygen, and a red oxide 
remains. 

Berzelius’s Table of the Composition of Oxides of Manganese. 

Metal. Oxygen. Metal. Oxyger. 

Ist oxide... 6.0002 93.4855. | 6.665 J45.4.. 1008 «7.09868 
BE Oxide ...0. 3 co8s OTO8 3. $2.82 fii R00). ASS 
SA ORME oi cece ccss 10:10 JS 2RG0%aiee. B00, 28.2077 
Mh Oxide... scscess 1050 928.50) 8% 2 FOO 4216 
Sth oxide... ...es6-e 64.00 ..'36.00 ...... 100.956.2158 


The numbers in the last column, it may be observed, stand 
to each other in the proportion of 1, 2, 4, 6, 8. But ifthe first 
compound (as appears to me highly probable) be not a distinct 
oxide, the ratio will then be that of 1, 2, 3,4. Gay Lussac, 
indeed, has expressed his conviction,* that the two first oxides 
do not exist; and that there are in reality only three; Ist. the 
protoxide, obtained by dissolving manganese in diluted sul- 
phuric acid, and precipitating it by a pure alkali out of the 
contact of air: 2d, the deutoxide, which remains after cal- 
cining the peroxide, or the greater part of the salts of manga- 
nese ; and 3d, the peroxide, or native black oxide. And Ber- 
zelius himself is now disposed to relinquish the two first, and 
to admit only three oxides of manganese, with quantities of 
oxygen corresponding to the three last in the above table ; 
the protoxide (the 3d of the above table) being green, and the 
two others black. The red compound of 100 parts of man- 
ganese with 37.47 oxygen, not agreeing with the law of de- 
finite proportions, he considers as a mixture of the two first.t 

An able investigation of the oxides and salts of manganese 
was published by Dr. Forchhammer in 1820, in an Inaugural 
Dissertation, * De Mangano,” of which an abstract may be 
found in the Annals of Philosophy. 


* Ann. de Chim. et Phys.i. 39. + Ibid. v. 150. t Abid. vi. 904. 
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1. To obtain the proloxide, a glass tube, open at both ends, 
was filled with deutoxide, and heated over a lamp, while hy- 
drogen gas was passed through it. The brown powder soon 
changed to a light yellow, which colour, while the powder was 
cooling, became white, and the powder when cold was of a 
beautiful light green. Its colour, however, soon changed by 
exposure to the air, and when heated below 600°, it was re- 
converted into deutoxide, burning slowly with a reddish light. 

2. The deutoxide, according to the same author, may be ob- 
tained by exposing the pure carbonate of manganese, during 
a long time, to a red heat in an open vessel; or by triturating 
peroxide of manganese with binoxalate of potassa and water, 
a pink solution is obtained, from which ammonia throws down 
the deutoxide. Its colour is brown, resembling that of deut- 
oxide of iron, but rather darker. It is soluble in concentrated 
muriatic acid at 42° Fahr.; but, if the temperature of the so- 
lution be at all raised, or if it be exposed to the sunbeams, 
chlorine escapes, and muriate of protoxide is formed. The ex- 
istence of the deutoxide has been doubted, but, in fact, it is, 
Dr. Forchhammer asserts, the only one which is easily obtained 
in a pure state. 

3. When the deutoxide is boiled with weak nitric acid, a 
portion of it parts with oxygen, and enters into solution in the 
state of protoxide, while the remainder is converted into per- 
oxide, which is black, and insoluble in all acids except such as 
deprive it of oxygen. The native ore of manganese is, when 
pure, identical, in its chemical properties, with this oxide, ex- 
cept that it is contaminated with other oxides. It is found in 
great abundance in Devonshire, Warwickshire, &c. 

The following Table shows the composition of these oxides, 
according to Dr. Forchhammer’s analysis. 


Metal. Oxygen. Metal. Oxygen. 
ENOCRICG (GM 16-27 oo 23073 won vs LOO «p55. S125 
Deutoxide (brown) 70.403 ....29.597......100....4%.040 
Peroxide (black) 63.749....36.351......100.... 62.50 


It is obvious, therefore, that the peroxide contains twice as 
much oxygen as the protoxide; but the artificial peroxide, 
dried at a low heat, is a hydrate containing 16 oxygen, 30 
manganese, and 9 water. : 
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The discordance among the results of different analysts, as 
to the composition of the protoxide, prevents us from deducing, 
in this way, the weight of the atom of manganese. Dr. Thom- 
son,* from the composition of the sulphate, infers the equi- 
valent number of manganese to be 28; to agree with which 
100 parts of metal should unite with 28.5 oxygen; and in the 
peroxide the oxygen should therefore be 28:5 xX: 2. Shor 
100 of the metal. 


II. Manganese and Chlorine. 


Chloride of manganese may be formed by evaporating the 
muriate to dryness, and subjecting the residue to a red heat 
out of the contact of air. A pink coloured semitransparent 
substance is obtained, which, according to the analysis of Dr. 
John Davy, consists of 


RIOTING. css died OE. Als oie aOOn esd abe 
DEAD SORES 26.55 os Sls hee aais OD ois weiss Le: 


eer 


100 
Now 54:46:: 36: 30.6. The weight, therefore, of the 
atom of manganese, deduced from the chloride, exceeds that 
inferred from the oxide. - This shows that farther experiments 
are necessary before we can assign the true equivalent of man- 
ganese. It is not improbable, however, that 30 will prove to 
be very near the true number. 


IIT. Salts of Manganese. 


Carbonates. When the green or protoxide is precipitated 
from its solution in an acid by a carbonated alkali, we obtain 
a snow-white compound, which is a carbonate of manganese. 
It is composed, according to Dr. John, of 


Protoxide of manganese ......... 5.84 
WV ALER oc. i Sethe phe Sa ee 10. 
Carbonic acid: ee. ve. li. ake ee Oeele 


100. 


Sulphate.—Concentrated sulphuric acid has very little ac- 


* Ann, of Phil. N.S. 1. 251. 
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tion on metallic manganese; but the dilute acid dissolves it 
with an extrication of hydrogen gas, which has a peculiar 
smell, resembling assafoetida, probably from its holding some 
of the metal in solution. ‘The solution has a light rose co- 
lour, and gives crystals of the same colour. 

The pure protoxide, and the carbonate of protoxide, dis- 
solve in the sulphuric acid in any state of concentration ; and 
a solution is obtained, exactly resembling that which has been 
described. The first crystals, that shoot from the solution, 
are of a faint rose red colour. ‘The last are white, and con= 
tain a great excess ofacid. The red crystals are soluble in 24 
parts of water, at 55° Fahrenheit, and are insoluble in alcohol. 
The alkaline carbonates, prussiates, and phosphates, occasion 
a white precipitate from the solution, and are almost the only 
salts that decompose this sulphate. It is composed of 

Atoms. 
Protoxide of manganese .... 25.93 '.... 1 =" 28. 


Bulphuric'serer 003 SIE Oke OP. Pee BO: 
Water “eo ee ee eeetoeeoeoeoee 39.35 Mie eB = 45. 
100. 113. 


Concentrated sulphuric acid dissolves the deutoxide of man- 
ganese; but the same acid, if much diluted, decomposes it, and 
forms peroxide, and sulphate of protoxide. The solution acts 
on metals, an adequate portion of the deutoxide being brought 
to the state of protoxide. It is, also, when heated, decom= 
posed by tartaric acid and binoxalate of potassa, an escape of 
carbonic acid being, in both cases, observed. A similar de= 
composition is produced, by the same agents, of other salts with 
base of deutoxide. 

Sulphurous acid acts on the peroxide, first depriving it of 
part of its oxygen, and dissolving the protoxide. 

Hy po-sulphite of manganese is obtained by acting on hypo— 
sulphite of lime with sulphite of manganese. 

Nitrate.—Nitric acid, when moderately concentrated, dis- 
solves metallic manganese with an escape of nitrous gas. ‘The 
solution is colourless; but by long continued heat, the acid 
is decomposed, and a black oxide is. left. The protoxide 
and white carbonate also dissolve readily in nitric acid, and 
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by particular management crystals may be cbtained from 
the solutions. The crystals deliquiate by exposure to the air; 
and on the application of heat, melt, and are immediately de- 
composed, a blackish brown substance remaining, which Ber- 
zelius took for the real deutoxide, but which Dr. Forchham- 
mer believes to be a mixture of 1 atom of deutoxide with one 
atom of peroxide. Nitric acid, heated with deutoxide, divides 
it into protoxide, which is dissolved, and peroxide. ‘The lat- 
ter is not acted upon by nitric acid, unless a little sugar is 
added, or some other similar substance, which may partly 
de-oxidize it. 

Muriate.—The action of muriatic acid is most important on 
the black native oxide. According to the old theory, part of 
the acid acts on one portion of the oxide; and first reduces it 
to the state of protoxide, and then dissolves it; affording mu- 
riate of protoxide of manganese. The oxygen, thus liberated, 
uniting with another portion of muriatic acid, composes oxy- 
muriatic acid. But, on the more probable theory of chlorine, 
the hydrogen of the muriatic acid is attracted by the oxygen 
of the oxide, and the chlorine is not formed, but merely set at 
liberty. 

Chloride of manganese is a deliquescent salt ; it is soluble 
in an equal weight of water, and soluble, also, in alcohol, by 
which means it may be separated from the sulphate. When 
dissolved, it is converted into a compound of muriatic acid and 
oxide of manganese. The muriate may be obtained in large 
tabular crystals, quite transparent, and of a rose colour, which 
consist of 
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The muriate of deutoxide can only exist at a temperature 
‘below 42° Fahr.; for when its solution is heated, the oxide i$ 
resolved into protoxide and peroxide. (Forchhammer.) 

Dr. John has investigated, also, several of the combinations 
of oxide of manganese with vegetable and metallic acids, the 
details of which are contained in his paper. 
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IV. The black oxide of manganese has some properties, 
which appear to indicate‘that it is susceptible of still farther 
oxidation, and even of affording acid compounds. 

1. It imparts to borate of soda, when melted with it, a vio- 
let colour. When this is effected by the blow-pipe, the colour 
may be destroyed by the interior flame, and again re-produced 
by the exterior one, or by a small particle of nitre.* 

g. When black oxide of manganese and nitre, both reduced 
to powder, are mixed together, and thrown into a red-hot 
crucible, the nitric acid is decomposed, and we obtain a com- 
pound of highly-oxidized manganese with potassa. The same 
compound may be obtained by fusing together one part of the 
black oxide, and five cr six of solid caustic potassa. It has 
the singular property of exhibiting different colours, accord- 
ing to the quantity of water thatis added to it. A small quan- 
tity gives a green solution; a farther addition changes it to 
blue; more still to purple; and a still larger quantity to a 
beautiful deep purple. 

3. The experiment may be varied, by putting equal quan- 
tities of this substance into two separate glass vessels, and 
pouring on the one hot, and on the other cold, water. ‘The 
hot solution hasa beautiful green colour, and the cold one is 
of a deep purple. The same material, with water of different 
temperatures, assumes various shades of colour. Hence this. 
compound has been termed the chamelion mineral. This pro- 
perty is destroyed by a very small quantity of sulphuret of 
potassa, and by other substances that attract oxygen. 

The properties of this singular substance have been lately 
investigated by Chevreul.+ ‘To exclude the presence of iron, 
on which Scheele suspected its green colour to depend, he 
prepared it by fusing, in a platinum crucible, one part of pure 
oxide of manganese with eight of potassa, prepared with al- 
cohol. The colour of the solution was still green, and by the 
addition either of more water, or of carbonic acid, or an _al- 
kaline carbonate, became successively blue, violet, indigo, 
purple, and red. The green solution, Chevreul supposes, 1s 
a combination of caustic potassa with oxide of manganese ; 
and the red, of potassa, oxide of manganese, and carbonic 


* See Klaproth, vol.i. p. 243, a. + Ann. de Chim. et Phys. 182. 
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acid. The intermediate colours result from the combination 
of these in different proportions, as may be proved by the 
direct mixture ofa green with a red solution. The agency 
of water, even when carefully deprived of carbonic acid, in 
effecting the same change, shows, however, that the theory 
does not account for all the phenomena. This fact Chevreul 
explains by the action of water in diminishing the attraction 
between the potassa and oxide of manganese, in which way he 
apprehends that carbonic acid produces its effect. The oxide, 
both in the green and red compounds, he asserts, is at the 
same degree of oxidation, a degree probably inferior to that 
of the native oxide. 

Messrs. Chevillot and Edwards have ascertained that 
the colour of the chameleon mineral is owing to manganese, 
and not to any other metal; that the contact of oxygen 
gas with the fused materials is essential to its formation, 
during which oxygen is absorbed; and that the chameleon 
compound is a neutral salt, susceptible of assuming a regular 
crystallized form.* 

‘When these crystals are heated in contact with hydrogen 
gas, they cause it to inflame. They detonate violently with 
phosphorus; and set fire to sulphur, arsenic and antimony, and 
indeed to all combustible bodies hitherto tried. The red com- 
pound was supposed to be a neutral manganesiate of potassa, 
and the green a sul-manganesiate ; but it seems more probable, 
from the experiments of Forchhammer, that the difference be- 
tween the red and green compounds depends, not on the quan- 
tity of potassa combined with the oxide of manganese, but on 
the proportion of oxygen united with the manganese itself} 
Conformably with this view, he found that adding alcohol or 
carbonate of manganese to the red compound changed it to 
green by abstracting oxygen. The manganese in the latter 
compound, he considers as forming an acid with a minimum of 
oxygen ; the proportions being 100 metal and 96.847 oxygen, 
constituting manganeseous acid ; the green salt, therefore, is a 
manganesife of potassa. The red compound, he states, con- 
tains an acid which may be called the manganesic, and its 
compounds menganesiates. In this acid 100 of metal are united 


* Ann, de Chim. et Phys. iv. $87. vin. 337. 
+ Ann..ef Philos. xvi. 130. 
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with 132 of oxygen, which corresponds very nearly with the 
proportion of one atom of metal = 28, to 5 of oxygen = 40. 
In the constitution of the manganeous acid no such coinci- 
dence can be discovered between theory and the results of 
experiment. Though it is extremely probable, therefore, that 
manganese is capable of forming one or more true acids with 
oxygen, yet the proportion of the elements of these acids may 
be considered as still undetermined. 

V. Manganese, in its metallic state, cannot be brought to 
combine with sulphur, though a native compound of these two 
substances has been examined by Proust. ‘The oxide, how- 
ever, unites with sulphur by fusion, in the proportion of eight 
of the former to three of the latter; and a compound is ob- 
tained of a green colour, which gives out sulphureted hydro- 
gen gas by the action of acids. 

VI. Manganese unites with most of the metals, and com- 
poses alloys; none of which are distinguished by important 
properties. 

eee eee 
SECTION XV. 
- Zane. 


Tue zinc of commerce, known by the name of spielire, is i 
mever pure, but contains lead and sulphur. »To purify it, 
zinc must be dissolved in diluted sulphuric acid; a plate of 
zinc is then to be immersed in the solution, to precipitate other 
metals, which it may contain; the solution must be decom~ 
posed by subcarbonate of potassa; and the precipitate, after 
being well washed, ignited with charcoal powder. | 

Zinc is of a brilliant white colour with a shade of blue. 
Its specific gravity varies from 6.86 to 7.1 , the lightest beng 
the purest. By particular treatment it becomes malleable," 
and may be beaten into leaves or drawn into wire. 

Zinc is melted by a moderate heat, viz. about 680° Fahren- 
heit, and the fused mass, on cooling, forms regular crystals. 

I. Oxides of Zinc.—By exposure to the air at a low tem- 
perature, zinc slowly acquires a coating of grey oxide; but 

* The discovery of the malleability of zinc was first announced by Mr. 
Silvester in the Philosophical Magazine, vol. xxiii. 
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when kept in a degree of heat, barely sufficient for its fusion, it 
becomes covered with a grey oxide. If thrown into a crucible, 
or deep earthen pot, heated to whiteness, it suddenly takes fire ; 
burns with a beautiful white flame; and a white and light ox- 
ide, mixed with a little carbonate, sublimes, having a consider- 
able resemblance to carded wool. ‘This oxide, however, 
when once deposited, is no longer volatile; but, if exposed to 
a violent heat, runs into glass. It has been examined with 
much attention by Proust, who found it to consist of 80 parts 
of zinc and 20 oxygen. Gay Lussac* and Berzelius + have 
since investigated it, and agree in considering it as composed 
of 

Zine. iis. s 2808928). 1. 200 

Oxygen... 19.61 2... 24.4 


100. 124.4 


The equivalent number, deducible for zinc from the com- 
position of the oxide, is 41 on Dr. Wollaston’s scale, = 33 
when oxygen is denoted by 8. This agrees with the expe- 
riments of Dr. Thomson;t but Mr. Brande, from the com- 
position of the oxide prepared with nitric acid, has fixed on 35 
to denote the weight of the atom of zinc. (Quart. Journ. 
xiv. 49.) It will, probably, not be far from the truth, if we 
take the equivalent of zinc to be 33, and that of its oxide 
33 + 8 =A4l. 

Zinc decomposes water very slowly at common tempera- 
tures, requiring, probably, he access of air; but acts with 
great rapidity, if the vapour of water be brought into contact 
with it when ignited. In whatever way it is oxidized, we 
obtain the compound already described, which is the only 
known oxide of zinc.§ 

II. Chloride of Zinc.—Only one compound of chiorine and 
zinc is known, called butter of xinc. It is obtained by eva- 
porating to dryness the muriate of this metal. The compound 
is fusible under a dull red heat, and, on cooling, goes through 
several degrees of consistency, being viscid before it becomes 
solid. When dissolved in water, a small residue of oxide of zine 


* 


* 80 Ann. de Chim. 170. 4 81 Ditto. 
t Ann. of Phil. N.S.1. 246. § Vogel, in Thomson’s Annals, vii. 33 
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is left. From Dr. Davy’s analysis, it appears to consist of equal 
weights of chlorine and zinc. If this be correct, the equivalent of 
zinc, deduced from the chloride, should be 36; but the slight 
decomposition, indicated by the insoluble residue of oxide of 
zinc in dissolving the chloride, has probably occasioned an 
error in estimating its constituents; and the composition of 
the oxide is therefore a safer guide to the equivalent of the 
metal. 

III. Jodine and zinc unite and form a crystalline compound 
which is fusible and volatile. 


IV. Salts of Zinc. 


Iodate of zinc falls down in an insoluble state, when iodate 
of potassa is added to a solution of sulphate of zinc. 

Hydriodate of Zinc.—By exposure to the air iodide of zinc 
attracts moisture and formas hydriodate of zinc. When this 
salt is mingled with a solution of bi-chloride of mercury, a 
precipitate is obtained of a beautiful bright red colour. 

Sulphite of zine may be obtained by dissolving zinc in sul- 
phurous acid. It is a crystallizable salt, readily soluble in 
water, but not in alcohol. 

Hypo-sulphite of xinc is formed by digesting metallic zinc 
in sulphurous acid. Sulphureted hydrogen gas escapes, and 
from the solution crystals are obtained by gentle evaporation, 
which, when dissolved in alcohol, and re-crystallized, are the 
hypo-sulphite. 

Sulphate of Zinc.— Zinc readily dissolves in diluted sulphu- 
ric acid, with the exception of a small quantity of black pow- 
der, which Vogel found to be composed of charcoal, iron, and 
sulphate of lead. ‘The acid, during its action on this metal, 
evolves hydrogen gas; and the gas, when obtained, besides 
other impurities, holds in combination a portion of the metal. 
A stream of it, burned in Cuthbertson’s apparatus (pl. iv. fig. 
34), has been found, if recently prepared, to occasion the fusion 
of the platinum wire, though the pure gas is destitute of this 
property. This hydrogen gas, holding zinc in solution, may 
also be obtained by a process of Vauquelin. A mixture of 
the ore of zinc, called blende, or calamine, with charcoal, is to 
be put into a porcelain tube, which is to be placed horizontally 
in a furnace, and, when red-hot, the vapour of water is to be 
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driven over it. The gas that is produced, however, is a mix- 
ture of carbonic acid, carbureted hydrogen, and a solution 
of zinc in hy drogen gas, which has been called hydrozincic 
gas. The zinc is deposited on the surface of the water, over 
which this gas is kept; but if burned when recently prepared, 
the gas exhibits, in consequence of this impregnation, a dis- 
tinctly blue flame. 

The solution of zinc in sulphuric acid, when evaporated 
to a due degree sig cialis: shoots into regular crystals. ‘This 
salt is solubiod in 21 parts of water; and its solution is not pre- 
cipitated by any ee metal. its composition is stated by 
Berzelius and Wollaston as follows: 

Atoms. 
Acid .7 0. 2° SOS6U 85 24. es 2 PFO, RE Be 
Base ssi ss Oat Sie Sete. Stee ee ee ee 
Water 0. 36.40. eae S, 2eey See 69 


100.* 100°f 144 


Nitrate of Zinc.—Nitric acid, moderately étiong: acts on 
zinc with great violence. The solution, by evaporation, crys- 
tallizes in four sided prisms, and affords a deliquescent salt. 

Muriate of Zinc.—Muriatic acid, a little diluted, acts on 
zinc, and evolves hydrogen gas of great purity. The solution 
is clear, but cannot, by evaporation, be brought to crystallize. 
The dry chloride, however, may be sublimed, and passes over 
ina half solid state, from which circumstance it has been called 
butter of zinc. When rapidly evaporated, the muriatic so- 
Jution yields a thick extract, which has somewhat of the visci- 
dity of bird-lime. 

Muriate of zinc in strong solution deposits oxide of zinc 
on adding water, and or being filtered and further diluted, 
more oxide separates. Weak solutious, when concentrated 
by evaporation, dissolve the oxide, which will precipitate again 
on dilution. The solution is always slightly acid, and am- 
monia, when added, does not render it neutral, until all the 
oxide of zinc is precipitated. (Quart. Journ. vi. 159.) 

Phosphate of xinc may be obtained either by the direct ac- 
tion of dilute phosphoric acid on zinc, or by decomposing sul- 


* Berzelius. + Wollaston. 
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phate of zinc with phosphate of soda, which throws down an 
insoluble salt. 

Carlonate of zinc is precipitated by carbonate of potassa from. 
sulphate of zinc. ‘This compound constitutes the principal 
ingredient of the ore of zinc called calamine. It is white, 
tasteless, and insoluble in water, but readily dissolves in acids. 
with effervescence. 

Ferro-cyanate of zinc appears as a yellowish white precipi- 
tate on adding ferro-cyanate of potassa to sulphate of zinc. 

Acetate of zinc may be formed either directly by dissolving 
the metal or the white oxide in acetic acid, or by mingling 
the solutions of acetate of lead and sulphate of zinc. An 
insoluble sulphate of lead is formed, and the acetate of zinc 
remains in solution. By evaporation it affords a crystallized 
and beautiful salt. 

V. Zinc is oxidized by being boiled with pure alkaline so- 
lutions, hydrogen gas is evolved, and a portion of the oxide 
remains dissolved. A similar compound may be obtained, 
by projecting a mixture of nitre and zinc filings into a red-hot. 
crucible. 

From all the salts of zinc, also, the pure alkalis throw down 
a hydrated oxide, which is soluble in an excess of alkali. The 
solution by ammonia, when evaporated out of the contact of 
air, furnishes crystals of a feathery form. 

VI. Zinc and Sulphur.— Zinc, in its metallic state, has very 
little affinity for sulphur. A mixture of the white oxide of 
zinc and flowers of sulphur combines, however, into a yellow~ 
ish brown mass. Water, impregnated with sulphureted hy- 
drogen, decomposes, after some time, the solutions of zinc, 
and forms a yellowish white preeipitate, which is probably a 
hydro-sulphuret. Mr. E. Davy, by passing the vapour of 
sulphur over melted zinc, obtained a white crystalline sub- 
stance, resembling that natural compound of zine and sulphur 
which is called phosphorescent blende. ‘The native sulphuret, 
called Llende, or black jack, by the miners, has been analyzed 
by Dr. ‘Thomson, and found to consist of 
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VII. Zinc combines with phosphorus. ‘The phosphuret of 
zinc is of a whitish colour and a metallic lustre not unlike 
lead. It has some malleability, exhales a phosphoric smell, 
and, at a high degree of heat, burns like common zinc. 

VIII. Zinc is capable of furnishing alloys with most of the 
other metals. Of these the most useful, brass, will be men- 
tioned in treating of copper. It has been lately proposed to 
apply zinc to the purpose of culinary vessels, pipes for con- 
veying water, sheathing for ships, &c.; but it is rendered 
unfit for the first object, by the facility with which the weak- 
est acids act upon it; and for the remaining ones, by its con- 
siderable though slow oxidation, when exposed to the opera- 
tion of air and moisture. 
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Iron has a blueish white colour, and admits of a high 
degree of polish. It is extremely malleable, though it cannot 
be beaten out to the same degree of thinness as gold or silver. 
It is much more ductile, however, than those metals; for it 
may be drawn out into wire much finer than a human hair; 
and its tenacity is such that a wire only .72,ths of an inch in 
diameter is capable of supporting a weight of nearly 550 Ib. 
Its specific gravity varies from 7.6 to 7.8. 

Iron is one of the most infusible of the metals. Its melting 
point is about 158° of Wedgwood. Its chemical properties 
are the following: 

I. Oxides of Iron. 


1, When exposed to the atmosphere, especially when the 
air is moist, iron slowly combines with oxygen, or, in common 
language, rusts. If the temperature of the metal be raised, 
this change goes on more rapidly ; and, when made intensely 
hot, it takes place with the appearance of actual combustion. 
Thus the small fragments, which fly from a bar of iron during 
forging, undergo a vivid combustion in the atmosphere; and 
iron filings, projected upon the blaze of a torch, burn with 
considerable brilliancy. The oxide, obtained in these ways, 
is of a black colour, and is still attracted by the magnet. 
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The same change is more rapidly produced, when ignited 
iron is brought into contact with oxygen gas. A vivid com- 
bustion happens, as already described vol. i. page 208. 
Lavoisier made many experiments to ascertain the In- 
crease of weight, acquired by iron when thus burned, and 
concluded that, on an average, 100 parts of iron condense 
from $2 to 35 parts of oxygen. Dr. Thomson, however, on 
repeating the experiment several times, did not find that 100 
parts of iron absorbed more than 27.5 of oxygen; but he 
acknowledges that it is almost impossible to collect the whole 
product, and that minute portions are dissipated in sparks.* 

2. By contact with water at the temperature of the atmos- 
phere, iron becomes slowly oxidized, and hydrogen gas is 
evolved. Jt has indeed been contended by Dr. Marshall Hall, 
(Quart. Journ. vii. 55.) that water, provided it be entirely de- 
prived of oxygen gas, and secured from contact with atnios- 
pheric air, does not oxidate iron at common tcmperatures; 
and that a polished plate of iron retains its metallic brilliancy, 
both in air deprived of moisture, and in water thoroughly 
purged. of air. M. Guibourt, however, has shown that this 
inaction of pure water on iron takes place only when the 
quantity of metal relatively to the fluid is very small; that at 
75° to 80° Fahr. little or no effect is produced; but that a 
temperature of from 120° to 140° Tahr. renders water de- 
composable by iron, especially when the metal bears a con- 
siderable proportion to the water. (Ann. de Chim. et Phys. 
xi. 40.) 

When the steam of water is brought into contact with red- 
hot iron, the iron is converted into the black oxide; and an 
immense quantity of hydrogen gas is set at liberty, and may 
be collected by a proper apparatus. The iron is found to 
have lost all its tenacity, and may be crumbled down into 
a black powder, to which the name of fiery cinder was given 
by Dr. Priestley. In composition, it does not appear to differ 
from the oxide of iron obtained by the action of atmospheric 
air, and it is strongly magnetic. By a careful repetition of 
the process, Dr. ‘Thomson found that 100 grains of iroa, 


* 27 Nich. Journ. 381. 
VOL. II. C 
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ignited in contact with the vapour of water, acquire 29.1 
grains of oxygen. 

3. When iron is dissolved in diluted sulphuric acid, the 
acid is not decomposed ; but the metal is oxidized at the ex- 
pense of the water, and hydrogen gas is obtained in abund- 
ance. Now as water is composed of two volumes of hydrogen 
and one of oxygen, a quantity of oxygen, equal in volume to 
half the hydrogen gas obtained, must have combined with the 
metal; that is, for every 200 cubic inches of hydrogen, oxy- 
gen equal to 100 cubic inches or = 33.8 grains, must have 
united with the metal. But 100 grains of pure iron evolve, 
by acting on dilute sulphuric acid, 170 cubic inches of hydro- 
gen gas at a mean of the barometer and thermometer, show- 
ing that oxygen, = 85 cubic inches, or 28.73 grains, must 
have united with the metal, during its solution. Dr. Thom- 
son, from an experiment of this kind, calculated that 100 
grains of iron, after the action of dilute sulphuric acid, had 
gained 27.5 of oxygen. It is to be considered, however, that 
the purity of the iron employed wili materially affect the re- 
sult; for if the iron contain charcoal, as is almost always the 
case, carburetted hydrogen gas will be mixed with the hydro- 
gen; and the hydrogen in this gas being in a condensed state, 
the apparent will be less than the real quantity of hydrogen 
disengaged. : 

Iron, by all the different processes which have been des- 
cribed, is converted into an oxide of a black colour, having 
the same proportions of oxygen and metal, ‘and still retain- 
ing the magnetic property. Its composition has been the sub- 
ject of a series of experiments by Bucholz, who concludes that 
100 parts of iron, to become the black protoxide, condense 
29.83 parts of oxygen; Dr. Wollaston deduces the oxygen 
to be 29 parts, and Dobereiner makes it 30. Berzelius’s de- 
termination differs but little from these, viz. 
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The equivalent number for iron will, of course, vary, ac- 
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cordingly as we adopt one or other of these experimental re- 
sults. If 29.5 be admitted to be the quantity of oxygen which 
converts 100 of iron into protoxide, the equivalent of that 
metal will be 27; if 28.5 be sufficient, the equivalent will be 
28. In this uncertainty, it will perhaps not be far from the 
truth if we consider 28 as representing iron, and 28 + 8 = 36 
as denoting the protoxide. Dr. Thomson and Mr. Brande 
have also fixed on those numbers as the equivalents of iron 
and the protoxide. 

When the oxide of iron, which has just been described, or 
iron itself, is dissolved in nitric acid; then boiled for some 
time; and, after being precipitated by ammonia, is washed, 
dried, and calcined in a low red heat, it is found to be con- 
verted into a red oxide. ‘This, according to Bucholz, is com- 
posed of 100 parts of iron and 42 of oxygen; to Dobereiner 
of 100 iron and 45 oxygen; or, according to Dr. Wollaston, 
of 100 metal and 43.5 oxygen; but Biegiclins states its com- 
position as follows: 


Red oxide, TOM ods is ieie OU Oo orcs 00. 
or peroxide (Oxygen ... 30.66.... 44,25 


100. 


This peroxide of iron, to agree with the statement which 
has been given of the protoxide, should consist of 28 metal + 
12 of oxygen, and its equivalent number should be 40; or 100 
metal should be united with 42.75 of oxygen. The existence 
of these two oxides, and the proportions of their ingredients, at 
somewhere near 28 and 43 oxygen, to 100 iron, may be consi- 
dered as clearly established. But besides these, it has been at- 
tempted to be shown that there are other oxides of iron. 
Thenard contends for « compound, containing less oxygen 
than the black oxide, viz. 25 parts to 100 metal ; a second com- 
posed of 37.5 oxygen to 100 metal; and a third of 50 to 100 
metal. And Gay Lussac, also, supports the notion of three 
oxides, with proportions, however, differing from those of 
Thenard. ‘The first oxide is that which is obtained by dis- 
solving iron in diluted sulphuric or muriatic acid, out of the 
contact of air. It is precipitated white by alkalis, and by 
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ferro-prussiates, and is composed of 100 iron and 28.3 oxygen. 
The second is obtained when iron is oxidized by the vapour 
of water or oxygen gas, and consists of 100 iron and 37.8 oxy- 
gen. ‘This is supposed by Gay Lussac to constitute the octo- 
hedral and magnetic iron ores. The third is the acknowledged 
red oxide, which is composed of 100 iron and 42.31 oxygen.” 
It appears to me probable, however, that the only known 
oxides are the two, the composition of which has already been 
stated on the authority of Bucholz, Wollaston, and Berzelius; 
aud that the new oxide of Gay Lussac is, as Berzelius also 
thinks, a mixture of the black and red oxides. 

There appear to be two hydrates or hydro-oxides, cor- 
responding to the two oxides of iron, which are obtained 
whenever we precipitate their respective solutions in an acid, 
by a fixed alkali. The hydrate of the protoxide is white, 
with a tinge of olive or green; that of the peroxide is orange 
coloured. ‘The former hydrate passes'to the latter, by ex- 
posure to the atmosphere. Ochre, it has been shown by 
Leidbeck, is a native hydrate of the peroxide, mechanically 
mixed with earthy ingredients; but, exclusively of them, com- 
posed of from 20.2 to 25 water, with 60 to 62 peroxide of 
iron.t The proportions indicating two atoms of water to one 
of peroxide, would be 62 parts by weight of the latter to 26.4 
of the former, numbers not very remote from those obtained 
by experiment. The preparation of a pure hydrate of iron 
was found by Berzelius to be attended with great diff- 
culty, on account of the facility with which it parts with 
water. 

It may be remarked, on comparing the composition of the 
two oxides of iron, that the oxygen ofthe red is not a multi- 
plication of that of the black oxide by an entire, but by a frac- 
tional number ; for 28.5 x 14 = 42.75. This anomaly, as was 
observed in the account of the principles of the atomic system 
(vol. i. p. 49.) is best reconciled by mutiplying by 2 the numbers 
(1 and 14), expressing these proportions, which will make 
the ratio of 28.5 to 42.75 the same as that of 2to 3. We 


* go Ann. de Chim. 163, and 1 Ann, de Chim. et Phys. 33. 
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are thus, however, almost necessarily led to the supposition, 
that there is an oxide inferior to the black oxide in its pro- 
portion of oxygen; and which, from theory, should consist of 
100 iron and 14.25 oxygen; for the black oxide contains a 
quantity of oxygen, which is a multiplication of 14.25 by 2, 
and the red by 3. Dr. Thomson has suggested another 
method of removing this anomaly, viz. by supposing that 
while the protoxide is a.ccmpound of 1 atom of metal + 1 
atom of oxygen, the peroxide consists of 2 atoms of iron + 3 
atoms of oxygen.* The representative number of the per- 
oxide, in that case, would be 56 + 24 = 80. ‘This appears to 
me more probable than the supposition of Mr. Porrett, that the 
weight of the atom of iron has been hitherto rated by all che- 
mists at double its actual amount; and that the protoxide is 
acompeound of 2 atoms of base with 1 atom of oxygen, and 
the peroxide of 4 atoms of base with 8 of oxygen.t 


Il. Chlorides of Iron. 


Chlorine combines with iron in two proportions, When iron 
is dissolved in diluted muriatic acid, a green solution is ob- 
tained, which may be evaporated to dryness out of the con- 
tact of air, and ignited with similar caution. The product is 
a grey brittle lamellated substance, which, when analysed by 
Dr. Davy, was found to consist of 


Chlorine @oeoe@8ee @ 6 55.2 e@osv6 ee POOR IAS 113.63 
Tvonens, T8272 70 Pe aerate, a eee, 2.04 100: 


os 


100. 


In this case, the results of analysis do not agree with theory, 
for if constituted of 1 atom of chlorine = 36 + 1 atom of base 
== 28, its composition ought to be 
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When iron wire is burned in chlorine gas, a substance of a 
bright yellowish brown colour is formed, with a high degree 
of lustre; volatile at a temperature a little above 212°, and 
crystallizing in small iridescent plates. It acts violently on 
water, and gives a red solution. It consists of 
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In this case we have also the apparent anomaly of an atom 
and a half of chlorine being united with an atom of iron; for 
100 : 51.5 33.36 x 14 = 54: 28. 

This anomaly can only be accounted for, in the manner 
suggested in speaking of the oxides. 

Chlorate of iron has not been much examined. 

Iodine and iron unite and form a brown fusible compound, 
which decomposes water, and passes to the state of a green 
hydriodate of iron. 

Iodate of tron is not accurately known. 


Ill. Salts of Iron. 


1. Su/phate of Iron.—When diluted sulphuric acid is made 
to act on iron, we obtain a compound of that acid with the 
protoxide. ‘The solution yields crystals, which have a beauti- 
ful green colour, and the shape of rhombic prisms, not of 
rhomboids, as is sometimes represented.* They have a strong 
styptic taste ; redden vegetable blue colours; and are soluble 
in about two parts of cold and 4ths their weight of boiling 
water. The solution is precipitated of a greenish white by 
alkalis, and white by prussiate of potassa. It absorbs oxygen 
from the air, and the metal passes to the state of peroxide; it 
also absorbs nitrous gas; and is converted by chlorine into a 
sulphate of peroxide. When the crystals are moderately 
heated, 100 parts lose 40 of water, and the residue consists of 
1 atom of sulphate + 1 atom of water. Distilled at a stronger 
heat, they are decomposed, and yield a strong fuming acid, 
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called glacial sulphuric acid. The proto-sulphate is composed, 
according to Berzelius, of 
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When a solution of proto-sulphate of iron is heated with 
access of air, part of the protoxide passes to the state of per- 
oxide, and, combining with a portion of acid, falls down in 
the form of a yellow powder, which, according to Berzelius, 
isa sulphate of the peroxide with excess of base, or a sub- 
sulphate. ‘The proportions of its components are: 
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Other sulphates with base of peroxide of iron (called, from 
the atomic proportions of their constituents, per-lisulphate, 
and per-quadrisulphate), have been investigated by Dr. ‘Thom-_ 
son,* Mr. Sylvester,} and Mr. Cooper,{ but no sulphate of 
protoxide with excess of acid is yet known. 

The farther oxidation of the iron in the green sulphate is 
effected more expeditiously by boiling its solution with nitric 
acid, and evaporating to dryness, care being taken not to raise 
the heat so as to expel the sulphuric acid. Water, added to 
the residuum, dissolves a salt, which is composed of sulphuric 
acid and peroxide. The solution has a yellowish colour; does 
not afford crystals ; but, when evaporated to dryness, forms a 
deliquescent mass, which is soluble in alcohol, and may thus 
be separated from the green sulphate. Its solution affords a 
blue precipitate with ferro-prussiate of potassa. This salt has 
been called, but not with propriety, oxy-sulphate. Its legiti- 
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mate name would be sulphate of peroxide of iron ; but, as this 
is Inconvenient from its length, it may be called the per-sulpiale 
of iron. It consists, according to Berzelius, of 
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The sulphurous acid, also, unites with protoxide of iron, and 
forms a sulphite; and this sulphite, taking an additional quan- 
tity of sulphur, composes a sulphureted sulphite. The precise 
composition of these salts remains to be determined. 

Nitrate of lron.—Nitric acid, in its concentrated state, 
scarcely acts upon iron, but, when diluted with a small quantity 
of water, it dissolves iron with great vehemence; and with the 
extrication of a large quantity of impure nitrous gas. The 
solution, at first, is of a deep green colour, but when nearly 
saturated assumes a red colour. It is not erystallizable, but, 
when evaporated, forms a deliquescent mass. 

The nitrate of iron, it was long ago shown by Sir H. 
Davy, may exist in two different states, the green nitrate, in 
which the oxide is at the minimum of oxidation, and the red, 
in which it is at the maximum. 

To obtain nitrate of iron, in which the oxide is at the 
minimum, acid of the specific gravity of 1.25, or even less, must 
be used; the iron must be added in large pieces, and at distant 
intervals; and the operation carried on without the access of 
air. When this solution is made on a large scale for the 
purposes of the dyer, it is proper to connect the vessel, in 
which it is prepared, with a large recciver; for, in the latter, 
a quantity of nitrous acid will be found, which is worth the 
trouble of collecting. Nitrate of iron, thus prepared, passes, 
on exposure to the atmosphere, to the state of that in which 
the oxide is at the maximum. The composition of these: two 
nitrates has not yet been accurately determined. 

Muriate of Iron.—Muriatic acid dissolves iron and its oxides 
with great ease; and affords two distinct salts, differing from 
each other according to the state of oxidation of the metal. 
The muriate containing the black oxide is green, and that 
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containing the oxide at the maximum red. Both these salts 
are deliquescent, and cannot be brought to crystallize. 

The green muriate is convertible into the red by simple 
exposure to the atmosphere. Berzelius describes a striking 
experiment founded on this property. If a solution of the 
green muriate be exposed to the atmosphere, in a tall cylin- 
drical glass jar, for some days, and a few drops of pure ammo- 
nia be then introduced at different depths by means of a tabe, 
the precipitate formed near the surface will be green; a little 
lower blue} still lower greyish; then of a dirty white; and at 
the bottom perfectly white, provided time has not beerf allowed 
for the atmospheric oxygen to penetrate so low. 

Phosphate of Iron.—Pbhosphoric acid acts with but Httle 
energy on iron; but both the oxides of iron may be made to 
combine with phosphoric acid by double affinity. From the 
mixed solutions of green sulphate of iron and phesphate of 
soda, a blue precipitate is formed, which is a prolo-phosphate 
ofiron. Itis soluble in most acids, and precipitated again 
by ammonia without change. 

The per-phosphate is formed, by mingling the solutions of 
per-sulphate of iron and phosphate of soda, when an insoluble 
yellowish white precipitate results. Both these phosphates 
have been analyzed by Vogel; but his results do not coincide 
strictly with any atomic proportions. (Ann. of Phil. xiii. 310.) 

Carbonate of ron.— The only oxide of iron, so far as is yet 
known, that is capable of uniting with carbonic acid, is the 
protoxide. The combination is best effected by mingling the 
solutions of green sulphate of iron and carbonate of potassa. 
Water also, impregnated with carbonic acid gas, dissolves pro- 
toxide of iron, and acts on the metal itself, evolving hydrogen 
gas in the latter case. Carbonate of iron is found native, 
consisting of 1 atom of protoxide + 1 atom of carbonic acid. 

Ferro-cyanate of Iron, or Prussian Blue-—The process for 
preparing Prussian Blue consists, essentially, m_ calcining to- 
gether, in a covered crucible, equal weights of dried blood, 
horn shavings, or almost any animal substance, and carbonate 
_of potassa; then lixiviating the product, which is a cyanide of 
potassium; and mixing the liquid (called formerly Jixivium 


26 OF METALS. CHAP. IX. 


sanguinis) with a solution of two parts of alum and one of 
sulphate of iron. The precipitate, which has a dingy green 
colour, is to be washed first with muriatic acid, which changes 
it to a beautiful deep blue, and then with abundance of water. 
The process, however, of which this is a mere outline, is one 
of some nicety, and requires attention to a number of minute 
observances, the detail of which would be tedious; and for 
which I refer, therefore, to Martyn’s Abridgment of the Phi- 
losophical Transactions, vol. vii. p. 747. 

Though prussian blue was discovered so long ago as the 
year 1710, yet its true nature was not understood till Scheele, 
in 1782, rendered it the subject of an excellent essay, published 
in the collection of the Royal Academy of Stockholm, and 
also in his works. (Essay 20, 21.) It had, previously to that 
time, been examined by Macquer, and has since been ably in- 
vestigated by Berthollet, Proust, Vauquelin, Porrett, Thom- 
son, Gay Lussac, Robiquet, and Berzelius, but still, as it ap- 
pears tome, without our having attained that certainty res- 
pecting its composition, which we have acquired respecting 
the generality of chemical compounds. 

The prussian blue of commerce is an impure substance, 
and contains a variety of other matters, especially a quantity 
of alumine. For chemical experiments, it is proper, therefore, 
to prepare it by mixing the solutions of ferro-cyanate of potassa 
and persulphate or permuriate of iron, and washing the pre- 
cipitate, first with muriatic acid, and then with water. Ifa 
salt of iron be used, containing an oxide at the minimum of 
oxidation, the precipitate produced by ferro-cyanate of potassa 
is white, and continues so, as long as it is guarded from the 
action of the atmosphere; but it changes to blue by exposure 
to the air, or by mixture with any agent capable of imparting 
oxygen. Potassa is always found as an ingredient of the © 
white prussiate. 

Prussian blue is insoluble in water, and in acids, unless 
when they are concentrated and heated. When thoroughly 
dried, it shows a great affinity for moisture, by absorbing it 
rapidly from the atmosphere. It is not decomposed by being 
heated to 307° Fahr.; but, at a higher temperature, it catches 
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fire, and burns in the manner of tinder, leaving from 54 to 60 
per cent. of oxide of iron. 

When prussian blue in fine powder is added to a heated 
solution of potassa, a hydrated peroxide of iron is separated, 
the colour of which is not a bad indicator of the value of the 
pigment used in the arts; for its excellence bears a proportion 
to the deep redness of the oxide. ‘The liquor is a solution 
of the salt, which has already been described as the ferro- 
cyanate of potassa. 

When prussian blue is kept in contact with water and iron 
filings, or with sulphureted hydrogen, it is decomposed, in 
consequence of the de-oxidation of the iron, and reduced to 
the state of the white compound: but this again becomes blue 
on restoring oxygen. 

Pure prussian blue, added to concentrated sulphuric acid, 
increases in volume, and becomes white; but its colour is 
restored on adding a sufficiency of water. Muriatic acid has 
no action on it, unless when concentrated and heated, and then 
(as Robiquet has shown, An. de Ch. et Phys. xii. 284) it sepa- 
rates the greater part of the oxide of iron, leaving a crystal- 
lizable substance, analogous to that which is obtained by de- 
composing ferro-cyanate of potassa by tartaric acid, and which: 
Mr. Porrett has termed ferruretied chyaxic acid. 

Besides prussian blue, there appears, from Berzelius’s ex- 
periments (An. of Phil. N.S. i. 444), to be another blue com- 
pound of the same elements, which is soluble to some extent in 
water. Prussian blue, in the dingy green state in which it is 
first precipitated by lixiviwm sanguinis, seems also to contain 
an excess of base, which muriatic acid removes. ‘There are 
probably, therefore, three compounds in which the peroxide, 
and one in which the protoxide, exists as the base. 

Prussian blue submitted to distillation per se gives water, 
hydro-cyanate of ammonia, carbonic acid, and other gases. 

Respecting the nature of prussian blue, a variety of opinions 
have been entertained, and it is still a subject on which chemists 
are by no means agreed. No theory respecting it can be en- 
titled to notice that was anterior to Gay Lussac’s important 
discovery of cyanogen. His researches led him to believe, 
that prussian blue is a compound of cyanogen with a ferrugi- 
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nous base, and that it is, therefore, not a prussiate, but a cyanide ; 
but Vauquelin, having directed his attention to this part of 
the subject, was still induced to regard it as a true prussiate. 
According to Mr. Porrett’s view, it is a compound of ferro- 
cyanic acid with peroxide of iron. Berzelius, not admitting 
the existence of any such acid as the ferro-cyanic, regards 
prussian blue as a compound of hydro-cyanate of protoxide 
of iron with peroxide of iron, in proportions admitting of 
some variation. (Ann. of Phil. N.S. 1. 444.) Robiquet, on 
the other hand, considers it as a cyanide of iron, combined 
with a ferro-cyanate of the peroxide and with water.* . The 
subject, in its present state, appears toane very obscure, and 
I refer the reader who is disposed to examine it, to the papers 
of Berzelius and Robiquet already quoted. 

Tanno-gallaie of dron—When sulphate of iron is mixed 
with an infusion of galis, we obtain a black solution, which is 
anew combination of oxide of iron, with the gallic acid and 
tan. Both the gallate and tannate of iron are essential con- 
stituents of writing inks; the other ingredients of which are 
chiefly added with the view of keeping these insoluble com- 
pounds suspended. 

In order that the iron may unite with the gallic acid and 
tan, it must exist in combination with the sulphuric acid in 
the state of red oxide; for the less oxydized iron, in the green 
salt, does not form a black compound with these substances. 
tron filings, however, dissolve in an infusion of galls, with an 
extrication of hydrogen gas; but the compound is not black 
till after exposure to air, which oxidizes the iron still farther. 
This solution, with a sufficient quantity of gum, forms an ex- 
ecllent writing ink. 

On the same principle may be explained the effect of me- 
tallic iron in destroying the colour of ink. When ink is di- 
gested with iron filings, and frequently shaken, its colour de- 
cays; and it also becomes colourless after having a stream of 
sulphureted hydrogen gas passed through it. In both these 
cases the oxide of iron is partly deoxidized. Characters 
written with ink, after this treatment, are at first illegible, 
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but become black as the iron acquires oxygen again frony 
the air. 

The combination of iron, forming ink, .is destroyed by 
pure and carbonated alkalis. Apply a solution of alkali to 
characters written with common ink, the blackness will dis- 
appear, and the characters will become brown, an oxide of 
iron only remaining on the paper. Alkalis, added cautiously 
to liquid ink, precipitate the black combination, but an excess: 
of alkali re-dissolves the precipitate. 

Characters, which have been effaced by alkalis, may again 
be rendered legible by an infusion of galls. 

Ink is also decomposed by most acids, which separate the 
oxide of iron from the gallic acid, in consequence of a stronger. 
affinity. Hence ink stains are removed by dilute muriatic 
acid, and by some vegetable acids. Hence, also, if to a sa~ 
turated solution of sulphate of iron there be added an excess 
of acid, the precipitate no longer appears on adding infusion 
of galls. Whena mixture of ink with nitric acid is heated, 
the yellow oxalate of iron is formed, and is precipitated on 
adding pure ammonia. . 

Ink is decomposed by age, partly in consequence of the 
farther oxidation of the iron, and partly, perhaps, in conse- 
quence of the destruction of the acid of galls. Hence ink- 
stains degenerate into iron-moulds, and these last are imme- 
diately produced on an inked spot of linen when washed with 
soap, because the alkali of the soap abstracts the gallic acid, 
and leaves only an oxide of iron. Ink is decomposed also by 
chlorine, which destreys the gallic acid, and the resulting 
muriatic acid dissolves the oxide of iron. 

As all writing inks, into the composition of which iron 
enters, are liable to decay by time, and to be destroyed by 
various agents, an ink has been proposed by Mr. Close, the 
basis of which is similar to that of printing ink—Take oil of 
Javender 200 grains, gum copal, in powder, 25 grains, and 
lamp-black from 21 to 3 grains. With the aid of a gentle 
heat dissolve the copal in the oil of lavender in a small phial, 
and then mix the lamp black with the solution, on a marble 
slab, or other smooth surface. After a repose of some hours, 
the ink must be shaken before use, or stirred with an iron 
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wire, and if too thick, must be diluted with a little oil of la- 
vender.* ‘This ink I have found extremely useful in writing 
labels for bottles which contain acids, or which are exposed. 
to acid fumes in a laboratory. 

Succinate of Iron.—'The succinic acid composes with iron a 
brown mass, insoluble in water. The combination is best ef- 
fected by double decomposition, and especially by the addition 
of a solution of succinate of ammonia to the salts of iron. 
A brown red precipitate of succinate of iron falls down. 
This precipitate Klaproth exposes to heat, first by itself, and 
afterwards mixed with a small quantity of linseed oil. The 
first operation destroys the acid, and the second reduces the 
metal to the state of black oxide. Now, as the black oxide 
contains, in 100 parts, 77.2 of metallic iron, the precipitation 
of a solution, by succinate of ammonia, aftords.a ready method 
of estimating the quantity of iron in any solution of that metal, 
or in any of its salts. 

Acetate of [ron.—The acetic acid, or even common vinegar, 
acts slowly upon iron, and forms a solution, which is of great 
use in dyeing and calico-printing. The acetate of iron may, 
also, be obtained by double decomposition, if we mingle the 
soluticns of acetate of lime or of lead with one of sulphate of 
iron. It may be formed, also, by boiling acetate of lead with 
metallic iron, which precipitates the lead in a metallic state. 
This combination of iron with acetous acid may exist, like 
its other salts, in two different states. In the one, the oxide is 
at the minimum, and in the other at the maximum of oxida- 
tion. It is the latter salt chiefly, which is adapted to the use 
of the dyer and calico-printer. 

Sulphuret of Iron.—Iron combines with sulphur, and af- 
fords compounds, the characters of which vary greatly accord- 
ing to the proportions of their components. (a) A paste of 
iron filings, sulphur, and water, if in sufficient quantity, will 
burst, after some time, into flame. (U) A mixture of one part 
of iron filings and three parts of sulphur, accurately mixed, and 
melted in a glass tube, at the moment of union exhibits a 
brilliant combustion. The best method, however, of effecting 
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the combination of iron and sulphur is to take a bar of the 
metal, while of a glowing heat, from a smith’s forge, and to 
rub it with a roll of sulphur. The compound of iron and 
sulphur falls down in drops, and may be preserved in a phial. 
Of the compounds of sulphur, this is one of those which are 
best adapted for affording pure sulphureted hydrogen gas 
with diluted acids. (c) The sulphuret of iron, when mois- 
tened, rapidly decomposes oxygen gas, and passes to the state 
of sulphate. (d) When diluted sulphuric or muriatic -acid is 
poured on it, we obtain sulphureted hydrogen gas. 

in the sulphuret, made artificially by fusion, as well as in 
the native sulphuret, iron (it has been shown by Proust and 
Mr. Hatchett) is in the metallic state. Two compounds of 
iron and sulphur have been proved to exist, the one with a 
smaller, the other with a larger proportion of sulphur. The 
former, which is distinguished by the property of being mag- 
netic, is the proto-sulphuret. ‘The bi-sulphuret is known only 
as a natural product; it is not magnetic; Is nearly insoluble 
in diluted sulphuric and muriatic acids; and gives no sul- 
phureted hydrogen gas with acids. But the proto-sul]phuret 
is readily soluble in dilute acids, and gives during solution 
abundance of sulphureted hydrogen. It is composed of 
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Though the artificial sulphuret varics in its composition, yet 
it is probable that these varieties are occasioned by the sulphu- 
ret being mechanically mixed with different proportions of me- 
tallic iron. The foregoing appear to be the only well ascer- 
tained and definite compounds of iron and sulphur; and the 
analysis of them by Berzelius, it may be observed, agrees very 
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nearly with that of Proust, and indeed does not differ, as to 
either, one percent. If the’proto-sulphurct be, as is consistent 
with all we know at present, that compound in which sulphur 
exists in the smallest proportion, this would be unfavourable to 
the notion of any oxide of iron with less oxygen than the black 
oxide. For in almost every other instance, the protoxide of 
a metal contains a quantity of oxygen equal to half the sul- 
phur in the proto-sulphuret, a coincidence sufficiently ex- 
plained by admitting both to be linary compounds, in the 
sense of the word annexed to it by Mr. Dalton, and that the 
weight of the atom of oxygen is just half the weight of the 
aton: of sulphur. Gay Lussac contends for the existence of 
three sulphurets corresponding to his supposed three oxides 
of iron ;* but the details of the experiments establishing their 
existence still remain to be published. 

Carburet of Iron.—Iron combines with carbon in various 
proportions ; and the varieties of proportion occasion great dif- 
ferences of properties In the compounds. On these varieties, 
and the occasional combination of a smail proportion of oxygen, 
depend the qualities of the different kinds of iron used in the 
arts, as cast iron, steel, &c. &c. The quantity of carbon, in 
the sub-carburets of iron, may be determined bywsolution in 
sulphurous acid, which dissolves the iron and sulphur, and 
has no action on carbon. An ingenious mode of analysis, em- 
ployed by Mr. Mushct, consists in ascertaining the quantity 
of litharge which a given quantity of the iron under exami- 
nation is capable of reducing, by fusion, to a metallic state. 

There can scarcely be a more striking example of essential 
differences in external and physical characters being pro- 
duced by slight differences of chemical composition, than in 
the carburets of iron; for steel owes its properties to not more 
than from 5}, to +4;th its weight of carbon. This appears to 
be the only addition necessary to convert iron into steel; for 
though it is proved that the best steel is made from iron which 
has been procured from ores containing manganese, yet care- 
ful and skilful analysis discovers no manganese in steel.+ 

Cast or crude tron, besides casual impurities, contains oxy- 
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gen, carbon, and the metal of silica; but its differences depend 
chiefly on the various proportions of carbon, which is greatest 

in the black, and least in the grey, variety of iron. Berze- 

lius, indeed, denies the presence of oxygen in cast iron, and 

asserts that its differences of quality are produced by variable 

proportions of charcoal, manganese, and the metallic bases of 
“magnesia, lime, and silica.* By the process of refining, or pud- 
dling, as it is called, which is well described by Dr. Baldans in 

the 81st vol. of the Philosophical Transactions, cast is converted. 

into malleable iron; the carbon and oxygen unite together, 

and escape in the form of carbonic oxide; while-another part 
of the oxide of iron unites to the earthy matter, and rises to 

the surface in the form of a dense slag. <A large quantity of 
impurities is afterwards mechanically squeezed out, by passing 

the bars of iron between rollers. After this process, it forms 

malleable or bar iron, which, though the purest form of iron of 
commerce, may be considered as iron still holding some 

oxygen and carbon in combination, the latter of which, even in 

very ductile iron, amounts, according to Berzelius, to about 

one half per cent. Hassenfratz has daweencli that iron, which 

has been manufactured with wood étanaak: may probably 

contain potassium, and may owe its superiority to this circum- 

stance; and Berzelius has rendered it probable that even the 

most ductile iron contains silicium.t 

If bar iron be long and slowly heated, in contact with char- 

coal, it loses oxygen and acquires carbon, and thus becomes 

steel, A small proportion only of carbon, united with iron, is 

not capable of depriving it entirely of the properties of mallea- 

ble iron; for though it becomes a good deal harder, yet it may 

still be welded. By union with a still farther quantity of car- 

bon, it loses altogether the property of welding; is rendered | 
harder and more compact; and forms the fine cast steel, 

Steel, therefore, though like cast iron it contains carbon, yet 

differs from it eueshiaatie in being destitute of oxygen and 

earthy matter. ‘The charcoal, wilieh it contains, may be ex- 

hibited in the form of a black stain, on applying a drop of 
almost any weak acid to the surface of polished steel. 


* 40 Phil. Mag. p. 245. t 78 Ann de Chim. p. 233, 
VOL, II. D 


34: OF METALS. CHAP, IX. 


Steel, when ignited and suddenly cooled, is rendered so hard 
and brittle as to be unfit for any useful purpose. ‘To remove 
this defect, it requires what is called tempering, which consists 
in heating it up to a point that varies with the object to which 
the steel is destined. When thus heated, it assumes various 
colours, which were formerly the only guide for judging of 
the degree of temper; but this is now much better ascertained 
by using a bath of mercury or fusible metal, and regulating 
its temperature by the thermometer, which may range from 
400° to 600° Fahr. according to the use for which the steel is 
intended. | | | 

Steel admits of being alloyed with several other metals, and 
the alloys, as appears from a recent investigation of Messrs. 
Stodart and Faraday (Phil. Trans. 1822), are applicable to 
various important uses. ‘The silver alloy, containing about 
1. of that metal, may be advantageously applied to every 
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purpose for which good steel is required. With —2, of plati- 
num, steel acquired such an increase of toughness as well as of 
hardness, as fully to compensate its additiunal cost. With 
rhodium, as well as with iridium and osmium, very valuable 
compounds were obtained ; but till these metals can be had at 
less cost and in greater quantity, their compounds with steel 
can be of little practical use, except for small and delicate in- 
struments. In the analysis of these alloys, Mr. Faraday re- 
marked that some of them, especially that into which platina 
entered in the proportion of not more than >1,th, was acted 
on with great energy by dilute sulphuric acid, gas being 
evolved very rapidly, and the alloy dissolved in a time during 
which pure steel was scarcely affected. ‘This effect, he ascribes 
to the formation of a Voltaic combination by the two metals. 
It could not be owing to the mere separation of the particles 
of steel by the interposed foreign metal; for the effect was di- 
minished by increasing the proportion of platina. 

Another combination of iron and carbon, which is a true 
carburet of iron, is the substance called plumbago, or black- 
lead, used in fabricating pencils, and in covering iron to pre-= 
vent rust. By exposure to the combined action of heat and 
air, the carbon is burned off, and the oxide of iron remains. 
When mingled also with powdered nitrate of potassa, and 
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thrown into a crucible, a deflagration ensues; and peroxide 
of iron may be obtained by washing off the alkali of the nitre. 
From the experiments of Messrs. Allen and Pepys, it appears 
that pure plumbago, when burnt in oxygen gas, leaves a residue 
of oxide of iron amounting only to about 5 per cent.; and 
that it gives very nearly the same quantity of carbonic acid, by 
combustion, as the diamond and charcoal. When intensely 
heated in a Toricellian vacuum by a Voltaic battery, Sir H. 
Davy found that its characters remained wholly unaltered. 
Neither could any evidence of its containing oxygen be de- 
rived from the action of potassium.* But when exposed to 
the focus of a powerful lens in oxygen gas, it was observed that 
the gas became clouded during the process, and that there 
was a deposition of dew on the interior surface of the glass 
globe; a fact which indicates that plumbago, like charcoal, 
contains a small proportion of hydrogen. 

Tron unites with various other metals. With potassium and 
sodium, it forms alloys more fusible and whiter than iron, and 
which effervesce when added to water. Stromeyer+ has in- 
vestigated the alloy of iron and silicium. It is formed by 
heating together iron, silica, and charcoal. The alloy is dis- 
solved very slowly by acids, for it becomes covered with a 
coat of silica, which defends it from farther action, till it has 
been removed. Manganese forms a white and brittle alloy 
with iron. Iron, also, forms an alloy with tin; and iron plates, 
previously cleaned by a dilute acid, may be covered with tin 
by dipping them into that metal when melted. The process 
has been fully described by Mr. Parkes in the third vol. (new 
series) of the Manchester Society’s Memoirs, and in the 8th 
vol. of the Quarterly Journal. 


ge 


SECTION XVII. 
Lite. 
THE properties of tin must be examined in the state of 


grain-tin or block-tin; what is commonly known by the 
name of tin, being nothing more than iron plates with a thin 


* Philosophical Transactions, 1809. + 81 Ann. de Chim, 
dD 2 
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covering of this metal. Several varieties of tin are met with 
in commerce, for the discrimination of which, and the means 
of judging of their purity, Vauquelin has given useful instruc- 
tions in the 77th volume of the Annales de Chimie; and an 
interesting account of the ores of tin, and of the processes for ex- 
tracting the metal in Cornwall, has been given by Mr. Taylor 
in the 5th vol. of the Geolovical Society’s Transactions. Cor- 
nish grain tin has been shown by Dr. Thomson to contain 
only a very minute proportion of foreign metals, never exceed- 
ing, and, for the most part, much less than =4,th part, which 
is chiefly copper derived from the ore.* 

Tin has a silvery white colour, and by exposure to the air 
acquires a slight superficial tarnish, which does not appear to 
increase by time. Its specific gravity is about 7.9. It is ex- 
tremely soft; scarcely, if at all, elastic ; and, when a piece of it . 
is bent backwards and forwards, it gives a peculiar crackling 
noise. It is very malleable, and may be beaten into leaves 
+ooy of an inch thick. | 

Tin melts on the application of a moderate heat, equal to 
449° Fahrenheit (Creighton), by a long continuance of which 
it is converted into a grey powder. ‘This powder, which ap- 
pears to be the first oxide of tin, when mixed with pure glass, 
forms a whiteenamel. It may be procured, also, by calcining, 
in a close vessel, the precipitate from fresh made muriate of 
tin by carbonate of potassa. There is some difficulty in ob- 
taining the protoxide pure, on account of its tendency to pass 
to the state of peroxide. M. Cassola has given the following 
process as one which never fails. Upon filings of tin he pours 
nitric acid diluted with ten times its volume of water, and leaves 
the two substances in contact 48 hours. The tin acquires a 
brownish black colour, and is converted into protoxide. (Ann. 
of Phil. xiii. 40.) Tin is not oxidized at common tempera- 
tures, even by the concurrent presence of air and moisture, 

The grey oxide, when brought to a full red heat, takes fire ; 
and, acquiring an increase of oxygen, passes to a pure white 
(yellow according to Thomson.) This peroxide, when the 
heat is considerably raised, loses a part of its oxygen and runs 
into fusion. ‘The peroxide may be obtained at once by pro- 


* Thomson’s Annals, x, 166. 
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jecting tin into a crucible intensely heated, when the oxide 
rises in the form of flowers somewhat resembling those of zinc. 
It may, also, be procured, as Berzelius found, by distilling 
powdered tin with red oxide of mercury. It is insoluble in 
all the acids; but its hydrates, which are white, dissolve rea- 
dily in muriatic, but not in nitric acid. 

The oxides of tin have been investigated by Dr. Davy,* 
Gay Lussac, and Berzelius, and their results differ so little, as 
to furnish a strong presumption of their correctness. Gay 
Lussac states the composition of the protoxide to be 
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100. 
And that of the peroxide, in which he agrees with Klaproth, 
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The equivalent for tin, deducible from the protoxide, is, in 
round numbers, 59. The protoxide then will be represented 
by 67, and the peroxide by 75. 

Besides these two oxides, Berzelius suspects the existence 
of an intermediate one, which is formed when tin is acted on 
by nitro-muriatic acid; and which enters into the composition 
of deuto-muriate of tin.t It has a yellow colour, and, from 
theory, should consist of 100 metal + 20.4 oxygen; but he 
does not appear fully to have satisfied himself on the subject ; 
and its existence is thought by Gay Lussac to be extremely 
questionable. 

The oxides of tin have, in a certain degree, the properties 
of acids, so as to render it doubtful whether they should not 
be arranged in that class of compounds. But their affinities 
for bases are so feeble, that it seems advisable, on the whole, 
to retain them in the class of oxides. 

The precipitates from solutions of tin by alkalis are hydrates, 


* Phil. Trans. 1812, 194. 
f? Ann. de Chim, et Phys.i.43; andv. 151. $ 87 Ann. de.Chim, 50. 
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and have a white colour. They are soluble in an excess of 
fixed alkali; but the oxide is precipitated by the weakest acid, 
even the carbonic. The hydrates of tin are, also, decomposed 
by the action of boiling water.. Dr. Thomson has described 
two hydrates, the one composed of 100 peroxide and 24 water, 
which corresponds with two atoms of water, and one of oxide ; 
the other, of 100 peroxide and 48 water, in which, of Saher. 
one atom of peroxide is united with four of water. 

Chloride of Tin.—'Tin may be brought to combine with 
chlorine, by first forming six parts of it into an amalgam with 
one of mercury, triturating this with 30 parts of corrosive sub- 
limate, and distilling the mixture from a glass retort into a ca- 
pacious receiver, taking care to raise the ‘ek! very gradually. 
Or the same compound may be formed, according to Proust, 
by distilling a mixture of eight ounces of powdered tin and 
twenty-four ounces of corrosive sublimate. The result is a 
liquid which emits dense white fumes, when exposed to the air, 
and was formerly termed the fuming liquor of Libavius. It 
gives no precipitate with muriate of gold or muriate of mer- 
cury; affords a yellow sediment with hydro-sulphuret of po- 
tassa; dissolves a farther portion of the metal without efferves- 
ence, and is then changed into the common muriate. It has 
the property of inflaming oil of turpentine when suddenly 
poured into that liquid. 

This compound, carefully examined by Adet, is proved to 
be a per-chloride of lin, perfectly free from water, and having 
a strong affinity for that fluid. Hence arises its fuming pro- 
perty ; for the white vapours, which exhale when the bottle 
is unstopped, arise from the union of the salt with the mois- 
ture of the air. It may be formed at once, by heating tin in 
chlorine gas; and it consists, according to Dr. Davy, of 59 
tin, and 72 chlorine, or, 
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Another compound of tin and chlorine, called protochloride 
of tin, may be obtained by heating an amalgam of tin and mer- 
cury with calomel. It dissolves in water, and forms a solution, 
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‘ 
similar to the muriate of the protoxide, which rapidly absorbs 
oxygen from the air, and deposits peroxide of tin. It is com- 
posed of 59 tin and 36 chlorine, or 
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The results of the analysis of the chlorides agrees sufficiently 
with that of the oxides of tin, to-render it probable that 59 is 
very near the true equivalent of that metal. 

Chlorate of tin is unknown. 

Iodide of tin, formed either by the direct combination of tin 
with iodine, or by adding hydriodic acid to protomuriate of 
tin; is an orange coloured substance. The proportion of its 
elements has not been ascertained. . | 

Sulphate of Tin.— Tin dissolves in sulphuric acid, which 
takes up, when concentrated and heated, half its weight of 
metal. It is dissolved also by this acid, diluted with about a 
fourth its weight of water, and heated. During both these 
processes, sulphurous acid is disengaged ; and, in the latter, 
a pellicle of sulphur forms on the surface of the solution, which 
_ precipitates on cooling. When saturated, the solution depo- 
sits, after a while, needle-shaped crystals of sulphate of tin. 

If the sulphate be long boiled, a copious white precipitate sub- 
sides, which wil! not again dissolve. It is composed of the 
white oxide retaining only a small portion of acid, and con- 
stituting in fact a sebsulphate. 

Nitrate of Tin.—When niiric acid highly concentrated is 
poured upon tin filings, very little effect is produced; but 
when a small quantity of water is added, a violent effervescence 
follows; and the metal is reduced to a bulky powder, which 
is the white oxide retaining a little acid. If more water be 
added, an acid liquor is obtained, holding very little tin in 
solution ; and containing nitrate of ammonia, the alkaline base 
of which is formed by the simultaneous decomposition of the 
water and nitric acid, and the union of the hydrogen of the 
former with the nitrogen of the latter. ‘Tin, however, is slowly 
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dissolved, without effervescence, in nitric acid greatly diluted. 
The solution is yellow, and deposits oxide of tin by keeping. 

Muriate of Tin—Muriatic acid, undiluted, is the proper 
solvent of tin. To one part of tin, in a tubulated retort, two 
parts of concentrated muriatic acid are to be added, and heat 
applied. The solution is complete, with the exception of a 
small quantity of black powder, which consists of protoxide of 
copper ;* and the acid takes up about one-fourth of its weight 
of tin.t The solution has always an excess of acid; is per- 
fectly limpid and colourless;.and contains the metal at the 
minimum of oxidation. It has-a tendency, however, to ac- 
quire a farther proportion of oxygen, and should, therefore, 
be carefully preserved from contact with the air. This pro- 
perty of absorbing oxygen is so remarkable, that it may even 
be applied to eudiometrical purposes. Proto-muriate of tin 
has, also, the property of reducing, to a minimum of oxidation, 
those compounds of iron, in which the metal is fully oxidized ; 
for example, it reduces the red sulphate to the green. It isa 
test also of gold and platinum, as already noticed, and blackens 
the solution of corrosive sublimate. With hydro-sulphurets 
it gives a black precipitate. The proto-muriate of tin appears 
to be composed of 67 protoxide -+ $7 muriatic acid, or of 
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Beside this, there is a submuriaie, first described by Proust, 
and analyzed by Dr. Davy, consisting of 134 protoxide + 37 
acid, or of 
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* Thomson’s Annals, x. 71. 

+ On the preparation of muriate of tin, see Berard, Annales de Chimie, 
Ixvill. 78; or Nicholson’s Jouraal, xxvi.; and Chaudet, Ann, de Chim, et 
Phys, iil. 376, 
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Nitro-muriate of Tin. —The nitro-muriatic acid (formed by 
mixing two or three parts of muriatic acid and one of nitric) 
dissolves tin abundantly, with violent effervescence, and with 
so much heat, that it is necessary to add the metal slowly by 
successive portions. ‘The solution is apt to congeal into a 
tremulous gelatinous mass; and if water be added, it is partly 
decomposed, and some oxide separated. _ The solution, used 
by the scarlet dyers, is prepared .with that dilute nitric acid 
called single aqua-fortis, to each pound of which are added 
from one to two ounces of the muriate of soda or ammonia. 
This compound acid is capable of taking up about an eighth 
its weight of tin. 

Acetate of Tin.—Acetic set (distilled vinegar). by digestion 
with tin filings takes up a portion of the metal, and acquires 
an opalescent or milky appearance. ‘The solution is decom- 
posed by the action of the air, and deposits an insoluble oxide. 

Tin dissolves in tartaric acid; and the solution is applied to 
the useful purpose of wet-tinning, the process for which is de- 
scribed in Aikin’s Dictionary, i. 427. 

Sulphuret of Tin.—Tin unites with sulphur, but requires, 
for its combination, so high a temperature, that at the moment 
of union there is too small a quantity of sulphur present, to 
saturate the tin, and a mechanical mixture results of tin and 
sulphuret of tin. The only method of obtaining the saturated 
sulphuret, is to melt the aurum musivum, which will presently 
be described, in close vessels. ‘The proto-sulphuret is of a 
bluish colour and lamellated structure. It is composed, ac- 
cording to Dr. John Paxy and Berzelius, of 59 tin + 16 sul- 
phur, or 
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The second sulphuret, or di-sulphuret of tin (aurum musi- 
vum,) is formed by heating sulphur with peroxide of tin, or 
by heating in a mattrass a powdered amalgam of 12 parts of 
tin and 6 as mercury, mixed with 7 parts a flowers of sulphur 
and 6 of muriate of ammonia. <A gentle heat is to be applied 
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till the white fumes cease to appear, when the heat is to be 
raised to redness, and kept so for some time. On cooling, the 
aurum musivum may be obtained by breaking the mattrass. 
It is of a beautiful gold colour, and flaky in its structure. 
Proust was of opinion that it is a sulphureted oxide; but Dr. 
Davy and Berzelius have shown that the tin is in a metallic 
state. According to the former, it consists of 59 tin + 3 

sulphur, or, 
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Berzelius, by re-distilling bi-sulphuret of tin with sulphur, 
obtained a compound of a greyish colour and metallic lustre, 
which he found to be composed of 100 tin and 40.851 sulphur, 
or exactly intermediate between the two which have been 
already described. It is probable, however, that it was merely 
a mixture of the two sulphurets, and not a distinct compound. 

Tin forms useful alloys with many of the metals. Pewter 
is one of these; and the best kind of it is entirely free from 
lead, being composed chiefly of tin with small proportions of 
antimony, copper, and bismuth.* An amalgam, formed by 
oradually adding three parts of mercury to twelve of tin melted 
in an iron ladle, and stirring the mixture, is much used in the 
silvering of looking glasses. A mixture of tin and lead, in 
about equal parts, composes the common plumlers’ solder. 
Tin enters, also, into the composition of bell-metal and bronze ; 
and one of the most useful applications of it is to the tinning 
of iron plates, which is effected by dipping the plates into 
melted tin. ‘The prcecess, however, requires several prelimi- 
nary steps, which are described in Watson’s Chemical Essays, 
vol. ix., and in Mr, Parkes’s Essay in the Manchester Society’s 
Memoirs. 


* On the alloys of tin, a memoir of M. Dussausoy may be consulted in 
the 5th vol. of Ann. de Chim. et Phys.; and Mr. Chaudet’s paper in the 
same and in the 7th volumes. 
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SECTION XVIII. 


- - Cadmium. 


CapmMium was discovered, in the autumn of 1817, by 
Stromeyer, in an oxide of zinc, which had been prepared for 
medicinal use from an ore of zinc brought from Silesia. He 
ascertained its principal properties and combinations; and 
has since extracted it from various other ores of zinc.* Dr. 
Clarke has shown that it exists in the ores of zinc from Der- 
byshire and Mendip, and in the zine of commerce; + and 
Mr. Herapath of Bristol has pointed out an abundant source 
of it in the sublimate, which, in the process for obtaining 
zinc by distillation, rises before the zinc, in what the workmen 
call the lrown blaze. Of this sublimate, which is attached to 
the roof of the vault, it forms from 12 to 20 per cent.t 

The presence of cadmium, in an ore of zinc suspected to 
contain it, may be discriminated by directing thie blue flame 
of a candle upon a small fragment placed on a slip of pla- 
tinum foil. If any cadmium be present, its oxide will be re- 
duced, volatilized, and carried along the slip of platinum, 
coating it with its peculiar reddish-brown oxide. Dr. Wol- 
laston, to detect cadmium, dissolves the ore of zinc in muri- 
atic acid, gets rid by heat of the excess of acid, and adds 
distilled water. All the metals that iron will precipitate he 
removes by a rod of iron, and filters the liquor into a pla- 
tinum capsule containing a piece of zinc. The cadmium, if 
any be present, will coat over the surface of the capsule with 
a precipitate of a dull leaden hue, and will adhere so firmly 
that it may be washed, and thus freed from any remaining 
solution of zinc. Muriatic acid will dissolve the lead coloured 
precipitate with effervescence, and either carbonated or caustic 
potassa will yield a white precipitate; which may be tested 
before the blow-pipe in the manner already described. 

To separate cadmium from the ores of zinc, Stromeyer 
dissolves the ore in sulphuric acid; and through the solution, 
which ought to contain an excess of acid, sends a current of 


* Ann, of Phil. xiv. 269. + Ibid. xv. 272, and N.S. iii. 123. { Ibid. 435. 
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sulphureted hydrogen gas. The precipitate is well washed, 
dissolved in concentrated muriatic acid, and the excess of acid 
expelled by evaporation. ‘The residue is dissolved. in water, 
and precipitated by carbonate of ammonia, an excess of which 
must be added, to re-dissolve any zinc or copper that may 
have been thrown down by the sulphureted hydrogen gas. 
Carbonate of cadmium alone remains, which, after being 
heated to drive off the carbonic acid, is reduced by mixing 
it with lamp black, and exposing it to a moderate red heat in 
a glass or earthen retort. : 

Cadmium resembles tin very near ly in colour, lustre, ry in 
the sound it emits when bent. It is somewhat harder than 
tin, and surpasses it in tenacity. It is very ductile, and may 
be reduced to fine wire, or thin plate; yet, when long beaten, 
it scales off in different places. Its specific gravity 1s 8.604 
before hammering, and 8.694 afterwards; or, according to 
Mr. Children,* 8.67 before and 9.05 after being hammered. 
It melts at a heat below redness, and is volatilized by a heat 
not much greater than that required to vaporize mercury. Its 
vapour has no odour. It condenses in drops as readily as 
mercury, and these, on congealing, present distinct traces of 
crystallization. } 

Cadmium is as little altered by exposure to the air as tin. 
When heated in the open air, it burns as readily as the latter 
metal, and. is converted into a brownish yellow oxide. This 
oxide, which is its only one, consists of 100 metal + 14.352 
oxygen,t which gives 56 for the equivalent number of the 
metal, and 64 for that of the oxide. This oxide is soluble in 
ammonia, but not in carbonate of ammonia, or in potassa or 
its carbonate, which even ‘precipitate it from its solution in 
ammonia. By availing himself of this property, Mr. Chil- 
dren separated it from. oxide of zinc, which is not thrown 
down by the fixed alkali, and thus verified its presence in 
compounds containing much zinc and little cadmium. 

With the acids, owide of cadmium unites and forms salts, 
which agree in the following characters. Fixed alkalis throw 
down a white hydrated oxide, as does ammonia, with this 


® Quarterly Journal, vi. 226. + Stromeyer, U, S. 
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difference, that the latter, added in excess, re-dissolves the 
precipitate. Prussiate of potassa causes a white sediment, as does 
oxalate of ammonia. Sulphureted hydrogen, and the hydro- 
sulphurets, throw down cadmium of a yellow or orange colour 
like orpiment. No change is produced by chromate af potassa, 
succinate or benzoate of ammonia, infusion of galls, or sul- 
phate of soda. 

Chloride of cadmium crystallizes in small rectangular prisms, 
perfectly transparent, which effloresce when hetited: and are 
_ very soluble. At a high temperature it sublimes in small 
micaceous plates: 100 parts of the fused chloride consist of 
38.61 chlorine + 61.39 metal. This gives 57 for the equi- 
valent of cadmium, differing very little from the number de- 
duced from the oxide. 

Iodide of cadmium forms large and beautiful hexahedral 
tables, of a metallic or pearly lustre. At a high temperature 
the iodine escapes. It consists of 100 metal + 227.43 
iodine. | 
Nitrate of cadmium crystallizes in prisms or needles, which 
are deliquescent. Its constituents are 100 acid + 117.58 
oxide. | 
The sulphate cr ystallizes 1 in large rectangular prisms resem- 
bling sulphate of zinc, which are very soluble in water. ‘They 
effloresce in the air, and at a gentle heat lose their water of 
crystallization, amounting to $4.26 on 100 of the dry salt. 
The neutral sulphate consists of 100 acid + 161.12 oxide. _ 

The carbonate is pulverulent and insoluble in water, and 
readily decomposable by heat. It consists of 100 acid + 
292.88 oxide. , 

The phosphate is pulverulent and inscluble. It is constituted 
of 100 acid + 225.49 oxide. 

Cadmium unites with sulphur, as with oxygen, in only one 
proportion, which is that of 100 metal to 28.172 sulphur. 
The sulphuret has a yellow colour with a shade of orange. 
Concentrated muriatic acid acts readily upon it, and evolves 
sulphureted hydrogen gas. ‘The sulphuret may be formed by 
heating sulphur either with the metal or the oxide, or by 
precipitating a solution of cadmium by sulphureted hy- 
drogen. 
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Phosphuret of cadmium has a grey colour and a feeble me- 
tallic lustre. 

Cadmium unites with other metals. Its alloy with copper 
is white, with a slight tinge of yellow. It unites also with 
cobalt, platinum, pit mercury, and pronaol with’ other 
metals. 

from a survey of its salts, it appears that their analysis 
does not lead to a perfect agreement as to the equivalent of 
its oxide, and consequently of that of the metal. None of 
the results, however, is very remote from affording 64 for the 
number representing the oxide, from which deducting 8, we 
obtain 56 for the equivalent of cadmium. 
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DIVISION III. 


METALS THAT ABSORB OXYGEN AT HIGH TEMPERATURES, BUT 
DO NOT DECOMPOSE WATER AT ANY TEMPERATURE, 


SECTION XIX. 
Arsenic. 


I. ARSENIC, as it is found under that name in the shops, 
is not metal, but a white oxide, from which the metal may 
be obtained by the following process. Mix two parts of 
_the white oxide with one part of black flux (prepared by de- 
; tonating, in a crucible, one part of nitre with two of crystals 
of tartar); and put the mixture into a crucible. Invert over 
this another crucible; lute the two together, by a mixture of 
clay and sand; and apply a red-heat to the lower one ; keep- 
ing the upper one as cool as possible, or the mixture may be 
introduced into a clean and dry Florence flask, which may 
then be set in a sand bath, and gradually raised to a red heat. 
The arsenic will be reduced; and will be found lining the 
inside of the upper crucible, or the upper part of the flask, 
in astate of metallic brilliancy, not unlike polished steel. Its 
specific gravity is 8.31. It is so extremely brittle that it may 
be reduced to powder in a mortar. 

II. Metallic arsenic is readily fusible, and is volatilized at 
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856°. In close vessels it may be collected unchanged; but 
when thrown on a red-hot iron, it burns with a blue flame 
and a white smoke; and a strong smell of garlic is perceived, 
which belongs to the metal only, and does not accompany the 
volatilization of its oxides. 


Arsenic and Oxy gen. 


Arsenic, by expesure to the air, is tarnished, and becomes 
converted into a bulky blackish powder. In three months, 
Berzelius found that 100 parts acquired an increase of 8.475 ; 
and he is disposed to consider the product as an oxidule, or 
sub-oxide; but it is probably nothing more than a mixture 
of arsenic and arsenious acid, into both which, indeed, it is 
resolvable by heat. Only two combinations of arsenic and 
oxygen have hitherto been clearly ascertained; and both are 
possessed of acid properties. 

III. The white oxide of arsenic has the following properties: 

1. It is white, semi-transparent, and brittle. Its specific 
eravity is3.7 At atemperature of 380° Fahr. it is volatilized ; 
or, if suddenly heated, it runs into a glass. It has an acrid, 
nauseous taste, and is highly poisonous, not only when taken 
into the stomach, but when applied to a wound, or when its 
vapour is Inspired. 

2. It is sparingly soluble in water. According to La 
Grange, it is soluble in one twenty-fourth of cold water, or 
one fifteenth of hot. Other statements have been given con- 
siderably differing from these; and Klaproth was, therefore, 
induced to examine its degree of solubility with great atten- 
tion. A thousand grains of cold water, left in contact with 
the white oxide during 24 hours, and frequently agitated, 
dissolved only 2} grains. But 1000 grains of boiling water 
took up 772 grains; and, after being left three days to cool, 
and to deposit the crystals which separated, still retained 
in solution 30 grains. Bucholz has since published results, 
which agree, very nearly, with those of Klaproth. But the 
most elaborate experiments are those of Fischer of Breslau. 
According to these, white oxide of arsenic is insoluble as such 
in water, and, when acted upon by water, one portion of the 
oxide acquires oxygen from another, and, becoming acidified, 
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is rendered soluble. ‘This is the reason why the undissolved 
portion loses its colour, and becomes of a dirty yellow. Of 
boiling water, 12.3 parts dissolve one of arsenic; but at the 
common temperature of the atmosphere, 664 parts of water 
take up only one part.* : 

5. The solution of thearsenious acid, or white arsenic; has 
an acrid taste, and reddens vegetable blue colours. When 
slowly evaporated, the oxide crystallizes in regular tetrahe- 
drons. ‘The oxide is, also, soluble in 70 or 80 times its weight 
of alcohol, and in oils. 

6. The composition of the white oxide of arsenic, or ar- 
senious acid, has been investigated by several chemists, with 
the following results. It consists, 


Arsenic. Oxygen. Arsenic. Oxygen. 
According to Proust, of... 75.2 -.. 24.8... 100-.. Sz0979 
——_——--— Thenard, of oe oe 100... 34.694 
—— Berzelius,} of 75.81.. 24.19....100.. 31.907 
-— Thomson, tof oo ——— ....100.. 31.57 


It seems probable, however, that the oxygen in oxide of | 
arsenic is not the smallest proportion with which the metal is 
capable of uniting. | 

7. Oxide of arsenic combines with pure alkalis to satura- 
tion, and fulfils, therefore, one of the principal functions of an 
acid. Hence it has been called arsenious acid, and its com- 
pounds arseniles. ‘These compounds may be formed by sim- 
ply boiling the arsenious acid with the respective bases and a 
sufficient quantity of water. ‘They have not been much ex- 
amined. Those of potassa, soda, and ammonia, are soluble and 
incapable of crystallizing; those of lime, baryta, strontia, 
and magnesia, are difficultly soluble. ‘The metallic arsenites 
are best formed by mixing solutions of the alkaline arscnites 
with the metallic salts. Arsenite of ammonia, for instance, 
and nitrate of silver, afford a yellow precipitate of arsenite of 
silver, which is soluble in excess of ammonia; arsenite of po- 
assa and sulphate of copper, an apple green precipitate, called 
Scheele’s green, which, when dried and levigated, forms a beau- 


* Thomson’s Annals, vil. 33. t+ Ann. of Phil. xv, 356. 
t Ann, of Phil, xv. 81. 
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tiful pigment. From salts of manganese, zinc, or tin, the same 
arsenite produces a white precipitate; and a dingy green one 
from salts of iron. Arsenite of lead, produced by mixing 
arsenite of ammonia and nitrate of lead, is composed, ac- 
cording to Berzelius, of 100 arsenious acid + 111.17 prot- 
oxide of lead. : 

By repeated distillation with nitric acid only, arsenious acid is 
changed into arsenic acid. ‘The process, however, recommended 
by Bucholz is to: mix two parts by weight of muriatic acid of 
the specific gravity 1.200 (?) twenty-four parts of nitric acid of 
the specific gravity 1.25, and eight parts of white oxide of ar- 
senic. ‘The whole may be evaporated to dryness, and gently 
ignited. in a crucible. 

IV. 1. The arsenic acid has a sour, and at the same time a 
metallic taste. It reddens vegetable blues; attracts humi- 
dity from the atmosphere; and _effervesces strongly with so- 
lutions of alkaline carbonates. When evaporated, it assumes 
the consistence of jelly, and does not. crystallize. It is a most 
active poison. 

2. ‘The composition of arsenic acid has been differently 
stated, as will appear from. the following ‘Table. It consists, 


Arsenic. Oxygen. — Arsenic.. Oxygen. 
According to Proust, of .. 65.4 ..346  ....100..52:905 
-— Thenard, of -6# ....36 ae ol OOK. 5E250 
-— Berzelius, of 65.283 ..34/777'.. ..100'. 53.179 
-— Thomson, ef we oe 100 252.63) 


From his. earlier experiments on arsenic, Dr. ‘Thomson had 
deduced the weight of the atom of that, metal to be 4.750, 
oxygen being I, corresponding with 38, when, hydrogen is taken 
as unity; and had concluded, that, in arsenious acid, each atom 
of arsenic is united with i+ of oxygen, in arsenic acid with 24 
atoms of oxygen. ‘This, however, presents the anomaly of an 
atom of one body, combining with one or two atoms, and the 
fraction of an atem, ef another body. ‘To remove this diffi- 
culty, he has since* proposed to double the weight of the atom 
of arsenic, and to consider arsenious acid as constituted of 1 


* Ann: of PInlti N.w'S. 2 13. and in 120: 
VOL. EY. E 
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atom of base + 8 of oxygen, and arsenic acid of 1 of base + 
5 of oxygen, which gives their composition as follows: 


Arsenious acid = 1 atom of arsenic...... 76 
3 atoms of oxygen .... 24 


=—— 


Weight ofits atom ... ...< e288 


Arsenie acid = 1 atom of arsenic........ 76 
5 atoms of oxygen ...... 40 


Weight of its atom...... 116 


Berzelius, also, has been led, by his investigation of these 
acids, to conclude that the ratio of the oxygen in arsenic acid 
is to that in arsenious acid as 5 to 3, a deviation from the ge-_ 
neral law of acid compounds, limited to those with base of ar- 
senic and phosphorus. Between these acids, indeed, there 
seems to be, in several respects, a considerable analogy, espe- 
cially in their salts, which, though carefully neutralized when 
in solution, yet, when concentrated by evaporation, crystallize 
with an excess of alkali. Arsenic and phosphorus agree, also, 
in giving, with hydrogen, compounds that are not acid, and, 
in many other respects, present striking resemblances. 

3. Arsenic acid unites with bases, and constitutes a class of 
salts called arsenates, or arseniates. 

Arseniate of potassa was formed by Macquer, by distilling, in 
a retort, equal weights of nitre and arsenious acid. It crys- 
tallizes in four-sided rectangular prisms, terminated by very 
short four-sided pyramids. It is permanent in the air, and 
has a saline and cooling taste. Itis soluble in about five times 
its weight of cold water, but is insoluble in alcohol. Dr. 
Thomson’s analysis makes it to consist of 


Arsenic acid .........+ 65.496 
Potasse ciccliins. wana al ala ees 
Water eeee39#e2545eee8rsee¢eee 7.500 . 


100. 


Arseniate of soda forms large rhomboidal prisms, which efflo- 
resce by exposure to a dry atmosphere. It has a cooling taste, 


SECT. XIX. ARSENIC. 51 


resembling that of carbonate of soda, but less strong. It re- 
quires more than ten times its weight of cold water for solution, 
and the liquid has alkaline properties. It undergoes the watery 
fusion. Its solution, when dropped into most earthy and me- 
tallic salts, occasions precipitates, the peculiar appearances of 
which are exhibited by Dr. Thomson in a table published in 
the Annals of Philosophy, xv. 83. 

Arseniate of Laryta was prepared by Berzelius, by mixing 
nitrate of baryta with neutral arseniate of soda. It consists of 


Arsenic acid.......- RGA cs ie gs LOO 
oo ea ee aie O00 Bo ote Laos 
100. 


Sub-arseniate of lead, made by double decomposition, was 
found to contain 
Arsenic acid ..... BF LES oss wa LOO 
Protoxide of lead .... 74.75 ...... 296.04 


100. 
And arseniate of lead, to consist of 


Arsenite acid 00%. 80 94.948 208 Fo -100 
Protoxide of lead .... 65.86 ...... 192.91 


Hence, in the sub-salt, arsenic acid is united with one and 
a half times as much base as in the neutral arseniate of lead. 

V. Arsenic and Chlorine.—Tie compound of arsenic with 
chlorine was examined by Dr. Davy, (Phil. Trans. 1812. p. 
188.) He determined its composition by synthesis, and states 
it to consist of 


Chlorine ..... eocevee 60.48 ereese 100 
darsenici|.2 Unis! 2 'S952* Phas 265.9 


100. 


This analysis, however, does not lead to an atomic weight 
for arsenic at all coinciding with that deduced from the ox- 
ides. From the name which Dr. Davy gives to this com- 
pound, it is evident that he considers it as the protochloride ; 
but in that case the atom of arsenic would weigh only 234. ; 

E2 ; 
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for 100 : 65 :: 36: 23.4... There is, probably, therefore, some 
error in the estimate of its composition. 

Chlorate of arsenic has not been examined). but chlorate of 
potassa.and metallic arsenic afford a detonating mixture, which 
takes fire with amazing rapidity. The salt and metal, first sepa- 
rately powdered, may be mixed by the gentlest possible tri- 
ture, or rather by stirring them together on paper with 
a knife point. If two long trains be laid on a table, the one 
of gunpowder, and the other of this mixture, and they be 
placed in contact with each other at one end, so that they may 
be fired at once, the arsenical mixture detonates with the ra- 
pidity of lightning, while the other burns with comparatively 
extreme slowness. 

VI. Lodine and arsenic unite and forma deep red compound, 
which decomposes water and affords arsenic and hydriodic 
acids, 

VIL. Arsenic. and Hydrogen When tin:is dissolved in liquid — 
arsenic acid, an. inflammable gas is disengaged, as was ob- 
served by Scheele, consisting of hydrogen gas, holding ar- 
senic in solution. It may be obtained, also, by adding pow- 
dered metallic arsenic to a mixture of diluted sulphuric acid 
and zinc filings, or by acting on water with a triple alloy of 
arsenic, potassium, and antimony. This alloy may be formed 
by heating strongly, for two hours, in a close crucible, two 
parts of antimony, two of cream of tartar, and one of white 
arsenic. When two or three drachms of this alloy are thrown 
quickly under a jar inverted in water, abundance of arsenu- 
reted hydrogen is disengaged. (Quarterly Journal, xiii. 225. 
The greatest caution'should be used to avoid its deleterious 
effects, which were fatal to the late M. Gehlen.* 

This gas. (to which, perhaps, the. name: of arsenureted 
hydrogen is best adapted) has the following properties: 

(a) It is a permanently~elastic and invisible fluid, of the 
specific gravity, compared with common air, of 0.5293; but 
its:specific gravity is variable, in.consequence of the.admixture 
of different proportions of hydrogen. gas... 

({t) It has a fetid smell, resembling that of ganlic., 


: * 95 Aun..de Chim, 110;. and.Ann. de Chim. et Physs:iiis 135. 
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(c) It extinguishes burning bodies. 

(d) It is not absorbed by water in any notable degree; and 
has no effect on the blue colours of vegetables. 

(e) It burns with a lambent white flame, and a disagreeable 
odour; and emits, during combustion, fumes of arsenious acid. 
Soap bubbles, blown with a mixture of this and oxygen gases, 
burn with a blue flame, a white smoke, and a-strong alliaceous 
smell. | 

(f) When mingled with chlorine, heat is produced, a di- 
minution ensues, and metallic arsenic is deposited. 

(g) A stream of arsenureted hydrogen gas, issuing from a 
bladder fitted with a stop-cock, and set on fire in a large re- 
ceiver filled with oxygen, burns with a blue flame of uncom- 
mon splendour. 

(hk) One cubic inch of the gas contains i Sit one fourth of 
a grain of metallic arsenic. 

(i) When 100 measures, in an experiment of Gay Lussac, 
were acted upon by heated tin, 140 measures of hydrogen were 
evolved. Hence three volumes of hydrogen are, probably, 
in this gas, condensed into the space of two. 

A solid compound of hydrogen and arsenic may be formed, 
by acting on water with an alloy of potassium and arsenic ; 
and, of course, much less hydrogen gas is evolved, than the 
same weight of uncombined potassium would liberate from 
water. It is described, by Gay Lussac, as separating in ches- 
nut-brown coloured flocks. There appears, indeed, to be a 
strong affinity between hydrogen and arsenic; for Berzelius 
found that the recently prepared metal, when distilled along 
with oxide of tin, gave a drop or two of water. It must, there- 
fore, have yielded hydrogen to the oxygen of the oxide. 

VIII. Sulphur and Arsenic.—The sulphurets of arsenic have 
been examined by Klaproth, Laugier,* and Berzelius.t 
There are two sulphurets of this metal, both of which are 
found native, a red compound, called Realgar, and a bright 
yellow one, named Orpiment. ‘They may also be formed ar- 
tificially, the red by heating white arsenic with sulphur; the 
yellow by dissolving white arsenic in muriatic acid, and pre- 
cipitating by ydhrotsiiljpharet of ammonia. Laugier and 
i found 


“* ‘Ann, de Chim. et: Phys. ¥. 179. + Ann. of Phil. xv. $59. 
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In realgar .... 100 arsenic united to 43.67 sulphur. 
In orpiment.... 100 ditto — 63.93 ditto. 


It appears, therefore, that orpiment and realgar are both sul- 
phurets of arsenic, containing sulphur in the proportions of 
1 tol4, or of 2to 8. In orpiment, it may be observed, the 
sulphur is nearly double the oxygen in the arsenious acid. 
To agree with atomic proportions it ought to be exactly se. 

Orpiment is employed in calico-printing to de-oxygenate 
indigo, which thus becomes capable of attaching itself to the 
cloth. M. Braconnot recommends realgar for dyeing wool, 
silk, or cotton, of a fine yellow colour. Having mixed 1 part 
of sulphur, 2 parts of white arsenic, and 5 of potash of com- 
merce, melt them in a crucible at a heat near that of redness. 
The yellow mass thus obtained is to be dissolved in hot water, 
and filtered. It is then to be diluted, and sulphuric acid poured 
into it, of such strength as to produce a fleecy precipitate of a 
superb ycllow colour. This dissolves with facility in ammonia, 
and gives a yellowish liquor, into which is to be poured an excess 
of ammonia for the purpose of discolouring it entirely. Goods 
plunged into this solution come out colourless, but they as- 
sume a fine yellow as the ammonia evaporates. The colour is 
durable, and resists acids but not alkalis. (Ann. de Chim, et 
Phys. xii. 98.) 

IX. Arsenic combines with most of the metals, which it 
generally renders brittle. With iron, zinc, and tin, it affords 
white brittle compounds, It unites with copper into a white 
alloy, as may be shown by confining a few grains of metallic 
arsenic, or of white arsenic mixed with black flux, between 
two copper plates, and heating them. The copper will acquire 
a white stain, 


SECTION XX, 
Molybdenum. 


I. THe most common ore of molybdenum was long mis- 
taken for plumbago, or carburet of iron, to which it bears, 
externally, a strong resemblance. It is, in fact, a combina- 
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tion of sulphur and the oxide of molybdenum. ‘These two 
components may be separated by. repeated distillation with 
nitric acid. ‘To the ore of molybdenum, in a retort, six 
times it weight of nitric acid are to be added, and the mix- 
ture distilled te dryness. ‘This process must be repeated four 
or five times; and, at its close, both the sulphur and molyb- 
denum will be acidified. The sulphuric acid is expelled by 
heating the mass in a crucible; and any remaining portions 
are to be washed off with alstilled water. The residue (mo- 
lybdic acid) is a white heavy powder; which has an acid and. 
metallic taste; has the specific gravity 3.4; is soluble in 
about 1000 parts of water; and forms salts with the alkalis 
and earths. The acid is reduced by making it into a paste 
with oil, and éxposing it, bedded in charcoal in a crucible, 
to an intense heat. Or (as Hielm recommends), the ore of 
molybdenum may be repeatedly roasted in a moderate red- 
heat, till the whole is reduced to a fine powder, which may 
be passed through a sieve. The powder is to be dissolved in 
ammonia, the solution filtered, and evaporated to dryness. 
The residuum, being moderately heated with a little nitric 
acid, gives a white powder, which is the pure oxide of mo- 
lybdenum. This may be metallized by exposure to an intense 
heat with oil or powdered charcoal. 

II. Molybdenum has a whitish yellow colour, but its frac 
ture is a whitish grey. It has not, hitherto, been obtained 
in any form, but that of small brittle grains. It is almost 
infusible by any artificial heat. Its specific gravity is 8.611; 
according to Hielm it is 7.4. 

It is readily oxydized when heated in contact with air, 
and is converted into a white oxide, which is volatilized in 
small brilliant needle-shaped crystals. ‘This compound haz 
acid propertics. 

Ill. The nitric and nitrvo-muriatic acids, and chlorine, are 
the only solvents that act on molybdenum. 

IV. The muriatic, and other acids, act on its oxides, and 
afford blue solutions. | 

There appear to be only two well ascertained compounds 
of molybdenum and oxygen. The first is the molybdic acid 
already described. It is composed, according to Bucholz, of 
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Molybdenum .... 66.7 ...... 100 
Oa popniesgas .20.. S8Bocewew ie SO 


—_———— = 


100. 


Berzelius states the metal at 65.5, and the oxygen at 34.5 
in 100 crains of molybdic acid, or 100 metal + 52.7 oxygen. 

When one part of powdered molybdenum, and two parts 
of molybdic acid, are triturated in boiling water; then fil- 
tered; and the solution evaporated at a temperature not ex- 
ceeding 120° Fahrenheit, we obtaina fine blue powder, which 
is molybdous acid. ‘This acid is more soluble in water than 
the molybdic, and its solution reddens vegetable blue colours. 
It is stated by Bucholz to consist of 


Molybdenum ... ... §74.5 =... +. 200 
Oxygen be on rau ued en cieic naan ac 


Tt seems not improbable that there is an oxide, containing 
a smaller proportion of oxygen than the molybdous acid ; 
and that this acid is constituted of two atoms of oxygen to 
one of metal. On this supposition the atom of molybdenum 
must weigh about 47; and, in molybdous acid, the metal 
must be combined with two atoms of oxygen, weighing 16; 
and in molybdic acid with three atoms, weighing 24. The 
oxide, consisting of one atom of metal and one atem of oxy- 
gen, remains to be investigated. According to Dr. Thom- 
son, it may be obtained by dissolving molybdic acid im am- 
monia, evaporating to dryness, and exposing the dry mass, 
eovered with charcoal powder, to a white heat in .a covered 
crucible. ‘The oxide will be found at the bottom of a crys- 
tallized shape, and of a copper brown colour. It is incapable 
of forming salts with acids. (System of Chemistry, i. 564.) 

The molybdous and melybdic acids unite with salifiable 
bases, and form distinct classes of salts. The latter acid is 
changed into the former, by some of those metals that power- 
fully attract oxygen. ‘Thus a solution of molybdie acid, in 
which a small rod of ‘tin or zinc is immersed, becomes blue, 
‘n Consequence of ‘the pertial disexygenstion ofthe acid; and 
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on the same principle recent muriate of tin throws down, 
from molybdate of potassa, a fine blue precipitate. The molyb- 
dic acid decomposes the nitrates of silver, mercury, and lead ; 
and the nitrate and muriate of baryta. 

Native molybdate of lead from Carinthia, analyzed by Mr. 
Hatchett (Phil. Trans. 1796), contains $9.5 molybdic acid + 
60.5 protoxide of lead, which are nearly in the proportions of 
71 to 112, the equivalents of those two compounds, thereby 
confirming the view that has been taken of molybdic acid. 

V. Molybdenum unites readily with sulphur, and composes 
a substance similar to the one from which the metal was 


originally obtained. One hundred parts of the metal combine 
with 67 of sulphur. 


ECTION XXI. 
Chromium. 


Tus metal was discovered by Vauquelin in 1797. It is 
found in an acidified state, and combined with oxide of lead, 
in the red-lead ore of Siberia; in the state of an oxide, in the 
green ore accompanying the red one; in the emerald, to 
which it communicates its green colour; and in some meteoric 
stones. A compound of chromic oxide with oxide of iron 
has, also, been discovered in France, in America,* and in 
Shetland,? and is a much more abundant preduct than the 
lead ore of Siberia, being found in large masses. 

1. To separate the chromic acid from the ore, red-lead ore, 
reduced to powder, is boiled with twice its weight of carbonate 
of potassa. An orange-ycllow solution, composed of potassa 
and chromic acid, is thus obtained; and when, to this, a mi- 
neral acid is added, and the liquor is evaporated, we obtain, 
1. the salt formed by the acid, which has been united with the 


* Thomson’s Annals, v.75. and N.S. iv. 76. 

+ By Dr. Hibbert. See his Description of the Shetland'Islands, 4to. It 
does not appear certain whether in the so called chromate of iron, the metal 
is acidified, or merely oxidated. 
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potassa; 2.the acid chromium, in long ruby-coloared prisms. 
From this acid the chromium may be obtained by heating it 
with charcoal, in the manner already often described. In the 
crucible a metallic mass is found, of a greyish white colour, 
formed of a number of needles crossing each other. 

Chromate of iron, however, from the greater plenty in 
which it is found, is a much cheaper source of chromic acid. 
After reducing it to fine powder, it is to be mixed with half 
its weight of nitrate of potassa, and heated strongly for an hour 
or two inacrucible. ‘The mass is to be repeatedly digested 
with water, and the coloured liquids, which are slightly alka- 
line, saturated with nitric acid, and concentrated by evapera- 
tion, till no more crystals of nitre can be obtained from them. 
The yellow liquid, being now set aside for a week or two, de- 
posits a copious crop of yellow crystals in small needles. ‘These 
are to be separated, dissolved in water, and crystallized over 
again. ‘They are then sufficiently pure chromate of potassa. 
From the solution of these crystals, or indeed from the yellow 
liquid, nitrate of mercury throws down a red powder, which 
is chromate of mercury. When sufficiently heated, this com- 
pound is decomposed, and yields chromic acid or chromic 
oxide, from either of which metallic chromium may be ob- 
tained, by heating it violently with charcoal in a crucible. 

II. Chromium is of a greyish white colour, resembling that 
of iron. It is brittle and difficult of fusion. Its specific gra- 
vity is 5.9. 

When exposed to the combined action of heat and air, it is 
changed into a green protoxide, easily suluble in acids. . 

On the metal itself, the nitric is the only acid which pro- 
duces any remarkable effect, for, by repeated distillation with 
it, chromium is acidified. The chromic acid may be more 
abundantly obtained, by mixing nitrate of baryta with chro- 
mate of potassa. Chromate of baryta is formed, and may be 
decomposed by adding its equivalent of sulphuric acid. 

Il. Chromic acid is of a red colour, and may be obtained 
from its aqueous solution in ruby-coloured crystals. It has 
a sour metallic taste. When ignited it parts with oxygen, 
and becomes the green protoxide. : 

Chromate of potassa crystallizes in four-sided slender prisms, 
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terminated by dihedral summits. Their colour is an intense 
lemon yellow, with a slight shade of orange. The colouring 
power of this salt is so great, that 1 grain in 40.000 grains of 
water forms a solution which is perceptibly yellow. Its taste 
is cooling, bitter, and very disagreeable, remaining Icng in 
the mouth. One hundred parts of water at 60° dissolve 
about 48 parts, but boiling water dissolves almost any quan- 
tity. Itis insolublein alcohol. Its solution in water decom- 
poses most of the metallic salts; those of lead of a beautiful 
yellow colour, now much used asa pigment; those of mercury 
of a fine red; copper and iron reddish brown; silver, dark 
red. According to Dr. Thomson, who has lately investigated 
it with inuch care, chromate of potassa is composed of 


1 atom of chromic acid = 52 
i do. et potassa....... = 48 


Gare aes 


100 


Bi-chromate.— When to a solution of these crystals in water, 
such a quantity of sulphuric acid is added, as to give the 
liquor a sour taste,-and it is set aside for 24 hours, small re- 
gular needles are deposited ; or sometimes rectangular tables of 
considerable size, and of a beautiful orange red colour. These 
crystals are the li-chromate of potassa. They are much less 
soluble in water than the chromate; for 100 parts at 60° Fahr. 
dissolve only about 10 parts. The solution has an intense 
orange colour, and reddens vegetable blues. This salt is com- 
posed of 


2 atoms of chromic acid = 104. .....: 68.421 
1 atom of potassa...... Oe oo nied) AsO TO 


| 


152. 100. 


Carbonate of chromium is of a brown colour. Boiling water 
decomposes it into carbonic acid and green oxide. 
_ The chromates of ammonia, potassa, soda, lime, and mag- 
nesia, are soluble and crystallizable, and are all of an orange 
colour. Those of baryta and strontia are with difficulty soluble. 
The combination of chromic acid with various bases, and the 
properties of the resulting salts, have been fully described by 
Vauquelin in the 70th volume of Ann. de Chim.; by Dr. 
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John in the 4th volume of the Annals of Philosophy ; by Dr. 
Thomsen in the 16th vol. of the same work; and by Grou- 
velle in the 17th volume of Annales de Chim. et de Physique. 
It appears to be doubtful whether any compounds exist that 
can properly be called chromites. 

Equivalents of Chromium and its Oxides —'The composition 
of the oxideand acid of chromium has not been determined 
by direct experiments; but from the analysis of chromates of 
lead and baryta, it would appear that 52 is the equivalent 
number for chromic acid. Now Berzelius assigns to the acid 
double the quantity of oxygen that exists in the oxide, and:it 
is probable that chromic acid consists of one atom of metal 
+ 3 atoms-of oxygen. Deducting 24 from 52, we obtain 28 
for the atom of chromium, and 28 + 12 = 40, for that of the 
protoxide. 

The principal use, to which chromium has been applied, is 
the preparation of the beautiful pigment, chromate of lead, 
known in commerce by the name of chrome yellow. It is pre- 
pared by mixing the solutions of chromate of potassa and 
nitrate or acetate of lead. Nineteen parts of bi-chromate of 
potassa decompose 41.5 of dry nitrate of lead. The inso- 
Juble compound consists of 1 atom of chromic acid + 1 atom 
of protoxide of lead. (Thomson.) It appears piobable, also, 
from the experiments of Lassaigne (Ann. de Ch. et Ph. xiv. 
299, xv. 76, and xvi. 400,) that chromium admits of being 
successfully applied to the arts of dyeing and calico-printing ; 
and in the latter very striking effects have already been pro- 
duced on the large scale. 


SECTION XXII. 


Tun gsten, 


I. Tunesren may be obtained from two. different minerals. 
The ‘one, consisting of the tungstic acid, united» with lime, 
is called simply tungsten. — In the other, termed Wolfram, it 
is united with iron and manganese.* Its extraction from the 


‘* Berzelius, ‘Ann. de Chim, et Phys. iii. 161. 
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former is the most simple process. One part of the tungstate 
of lime, and four of carbonate of potassa, are fused together, 
and the mass is dissolved in.1@ parts of boiling water. Nitric 
acid is thenvadded, which unites with the potassa, and: pre- 
cipitates tungstic acid. This acid, when reduced in the usual 
manner, yields tungsten; but the process is a very difficult 
one, and frequently fails of success. Professor Clarke has 
succeeded in effecting its reduction by the oxygen and. hy- 
drogen blow-pipe.* 

The. tungstic acid may,. also, be obtained from Wolfram, 
by fusion with three times its weight of nitrate of potassa.; 
or with twice its weight of carbonate of potassa.. The fused 
mass, dissolved in boiling water, and filtered, gives, on the 
addition of nitric acid, a precipitate of tungstic acid. Or 
Wolfram, reduced to.a fine powder, may be boiled with three 
times its weight of muriatic acid. As soon as. the acid. be- 
comes hot, a yellow powder appears, and. the liquid becomes 
brown.. When cold, decant the clear liquid, and wash, the 
sediment repeatedly with water ; then digest it, for some hoursy 
with liquid ammonia,. which will take up a part. Repeat. 
these operations, till they cease to act on the substance. 
Evaporate the ammoniacal solution to dryness, and calcine 
the salt. The acid of tungsten remains, in:the. proportion. of 
more than half the. weight of Wolfram which has: been em- 
ployed. Other methods of forming tungstic. acid. are -de- 
scribed by Bucholz.+ 

If.. Tungsten has the following characters: » 

1. It has a greyish white colour, like that of iron, and a 
good deal of brilliancy.. It is not magnetic.. Its specific gravity,, 
according to D’Elhuyarts,.is 17.6; or, according: to. Messrs. 
Allen and Aikin, 17.22:. Bucholz makes it the mean of these 
two numbers; viz. 17.4. Tungsten is only, therefore, surpassed 
in density by: gold and. platinuni.. 

2. It is extremely hard and brittle. It requires, for fusion, 
a temperature of at least 170° Wedgewood. 

$. Tg is oxidized by, the action of heat and air. Its first 


* Thomson’s Annals, x. 376. + Ibid. vi. 198. 
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oxide is black. The second, which i is yellow, is commonly 
termed tungstic acid. 

III. The tungstic acid has no taste; has the specific gravity 
6.12; is difficultly fusible except by intense Galvanic action, 
which partially reduces it; it is insoluble in water; but re- 
mains suspended in it, and in this state has no action on vege- 
table colours. Exposed to heat in a platinum spoon, it as- 
sumes a deep green colour. Calcined with the contact of air, 
its yellow colour becomes deeper, and passes to a green, and, 
after some hours, to grey. The deficiency of several acid pro- 
perties induced Vauquelin to withdraw it from the class of 
acids, and to arrange it among the oxides. 

The tungstic acid is composed, as appears from the experi- 
ments of Bucholz, of 20 parts oxygen and 80 metal; supposing 
the acid to consist of an atom of metal and three atoms of 
oxygen, this would give 96 for the equivalent of tungsten, and 
120 for that of tungstic acid. 

When hydrogen gas is passed over ignited tungstic acid, 
a chocolate powder is obtained, which neither combines with 
acids nor with bases. Berzelius finds it to be an oxide, the 
~ oxygen in which is to that in the acid in the proportion of 2 
to 3. (Ann. de Chim. et Phys. xvii. 16.) Therefore in this 
compound 96 of metal are united with 16 of oxygen very 
nearly. Tungstate of lime was found by Klaproth to consist of 
77.75 acid + 22.25 lime; but Berzelius states its components to 
be 80.4 acid + 19.6 base. This is the composition also of 
Wolfram, so far as respects the tungstate of lime in that mineral. 

IV. Berzelius has lately examined also the sulphuret of 
tungsten, with the view to determine the capacity of satura- 
tion of that metal. He heated together one part of powdered 
tungstic acid, and four of sulphuret of mercury. The latter 
metal was expelled, and a blackish grey compound remained, 
not unlike sulphuret of copper. On analysis, it afforded 


Atoms. 
Tungsten... 74.891 .. 6. 100. eeee Pe oo = 96 
Sulphur..... ZOO sess 35.53% ves Seacse oe 


100. 130 
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One hundred parts of the sulphuret, calcined so as to expel 
the sulphur and oxidize the metal, gave 93.5 of tungstic acid ; 
and, as that quantity of acid must contain 74.891 metal, 100 
should contain 80.09, which agrees with the experiment of 
Bucholz. It may be remarked, that the sulphur in the sul- 
phuret is rather more than double the oxygen in the new 
oxide obtained by Berzelius, but the difference is not greater 
than may be accounted for by the unavoidable errors of the 
experiments. Consisting of two atoms of sulphur and one 
of metal, it is in fact to be considered as a bi-sulphuret of 
tungsten. 


SECTION XXIII. 
Columbium. 


CoLuMBIUM was discovered by Mr. Hatchett, in a mineral 
belonging to the cabinet of the British Museum, supposed to 
be brought from Massachusetts in North America. By alter- 
nate fusion with potassa, and digestion with muriatic acid, the 
mineral was decomposed; the acid combining with oxide of 
iron, and the alkali with a peculiar metallic acid, separable 
by the addition of diluted nitric acid, which threw down a 
copious white sediment. 

This acid was not reduced by Mr. Hatchett, who, however, 
from its properties, entertained little doubt that it has a metal- 
lic base. It is insoluble in nitric acid; but when fresh preci- 
pitated, it combines both with the sulphuric and muriatic. It 
unites also with alkalis, and both solutions are colourless, 
Prussiate of potassa gives an olive-coloured precipitate; tinc- 
ture of galls, a deep orange ; and hydro-sulphuret of ammonia, 
one of a chocolate colour. 

A metal, analogous in its properties to columbium, was dis- 
covered by Mr. Ekeberg, a Swedish chemist, in two different 
fossils, called Tantalite and Yttro-tantalite, both of which are 
found in Finland. To this metal he gave the name of tantae- 
lum. In the one it occurs combined with iron and manga- 
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nese; in the other, with the earth yttria.* [From these ores 
it is obtained, by treating them alternately with caustic: fixed 
alkali, and muriatic or nitro-muriatic acid. ‘The alkaline so- 
lution being supersaturated with an acid, lets fall a white 
powder, which is oxide of tantalum. ‘The following are the 
characteristic: properties of tantalum, as enumerated by Mr. 
Kkeberg : 

1. It is not soluble in any acid, even the nitro-muriatic, in 
whatsoever state the mineral is taken, and whatever means are 
employed. 

2. Vixed alkalis attack it when fused with it in consider- 
able excess, and dissolve a considerable quantity, which may 
afterwards be precipitated by acids, even by the carbonic. 

3. ‘The oxide of this metal is‘white, and does not acquire 
any colour, by exposure to a high temperature with access of 
air. Its specific gravity, after being made red-hot, is 6.500. 

4. It melts with phosphate of soda, and with borax, but 
does not impart to them any colour. 

5. The oxide of tantalum, ignited with charcoal, melts and 
agglutinates. It then presents a metallic lustre, and a shining 
fracture of a greyish black colour. Acids change it again into 
a white oxide. 

Though the oxides of tin and of tungstemare equally soluble 
with. that of tantalum in fixed alkalis, yet the former is easily 
reduced, furnishing a ductile metal; and the oxide of tungsten 
dissolves in ammonia,. is changed toa yellow colour by acids, 
and. communicates colour to phosphate of soda and: borax. 
The oxide of titanium} differs from this, in being soluble by 
acids, and in tinging borax and phosphoric salts, when fused 
with them. 


Considerable doubts had: been entertained by several che- 
mists, whether any essential difference exists: between colum- 
bium aud. tantalum; but: their identity appears now to: be 
fully established by the experiments: of Dr. Wollaston. 
Waving procured specimens: of the tantalite and yttro-tanta- 


" *See Ann, de Chim. sliii, 281,. + Thomson's: Annals, iv. 467%. 
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lite, from which tantalum may be separated, he compared its 
properties with those of oxide of columbium, furnished by 
Mr. Hatchett, and obtained from a specimen in the British 
Museum. 

The external characters of the mineral, which yields colum- 
bium, closely accord with those of tantalite. Both, also, yield 
a white oxide, combined with iron and manganese, and as 
nearly as possible in the same proportion. . The white oxide, 
though not absolutely insoluble in sulphuric, nitric, and muri- 
atic acids, is (from whichever mineral it has been obtained) 
very nearly so. Its appropriate solvent is potassa, which does 
net require to be absolutely free from carbonic acid. The 
whole of the oxide, thus dissolved, may be precipitated by an 
acid, and it is not re-dissolved by an excess of acid. ‘The 
oxides from both minerals agree, also, in being soluble, when 
fresh precipitated, by oxalic, tartaric, and citric acids. Eke- 
berg, however, we are informed by Berzelius,* discovered, in 
a sample of the mineral from the British Museum, a consider- 
able quantity of tungstic acid, to which it owes its acid pro- 
perties ; and its other constituent he found, with Dr. Wollas- 
ton, to be oxide of tantalum... 

Infusion of galls, prussiate of potassa, and hydro-sulphuret 
of potassa, occasiou no precipitation from the alkaline solution 
of either of these oxides; and, when a sufficient quantity of 
acid has been added to neutralize the redundant alkali, infu- 
sion of galls only throws down a precipitate which, in both 
cases, is of an orange colour. From these coincidences, there 
can be little room to doubt of the identity of tantalum with 
the characteristic ingredient of columbium. The identity of 
columbium and tantalum being now established, it seems due 
to its first discoverer, Mr. Hatchett, to distinguish it in future 
by the former name. Columbium has lately asa reduced to a 
metallic formby Berzclius. Hismethod consisted in introducing 
the oxide, which had previously been strongly heated, into a ca- 
vity about one inch and a half deep, and of the diameter of a goose 
quill, artificially formed ina piece of charcoal. ‘To this cavity 
a stopper of charcoal was fitted, and the aol iInciosed in a 

* 'Thomson’s Annals, iv. 467. 
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Hessian crucible, was exposed to a violent fire during an 
hour. From four experiments, similarly conducted, he in- 
ferred the composition of the oxide to be 


Mantatanas. 4 ous 9468). sis OO: 
Oxygen oer eeevee 5.2 os eee 5.485 


ramones 


100. 


If this be the protoxide, the equivalent number deduced for 
columbium will be 144, and for the oxide 144 + 8 = 152. 

The specific gravity of a specimen of the metal, sent by 
Berzelius to this country, was found by Dr. Wollaston to be 
5.61; but as the mass was porous, its real specific gravity is pro- 
bably much higher. Its colour was dark grey, and when 
scratched with a knife, or rubbed against a fine grindstone, 
it assumed the metallic lustre, and the appearance of iron. 
By trituration, it was reduced to a powder, which was desti- 
tute of metallic lustre, and completely insoluble, even by 
several days’ digestion, in muriatic, nitric, or nitro-muriatic 
acid. Like chromium, titanium, iridium, and rhodium, it is 
incapable, therefore, of being oxidized by acids, and in order 
to be oxidized requires to be fused with caustic potassa. At 
a red heat, the metal takes fire, and burns with a feeble 
flame. It detonates, also, when mixed with nitre, and pro- 
jected into a red hot crucible. With other metals, it unites 
and forms alloys.* , 


SECTION XXIV. 


Antimony. 


I. ANTIMONY, as it occurs under that name in the shops, 
is a natural compound of the metal with sulphur, in the pro- 
portion, as stated by Proust, of 75 antimony and 25 sulphur. 
To obtain antimony in a metallic state, the native sulphuret 
is to be mixed with two thirds its weight of bi-tartrate of 


* Ann, de Chim, et Phys, ‘ii. 140; Thomson’s Annals, viii. 233. 
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yotassa (in the state of crude tartar,) and one third of nitrate 
of potassa deprived of water of crystallization. The mixture 
must be projected, by spoonfuls, into a red-hot crucible; and 
the detonated mass poured into an iron mould greased with 
a little fat. The antimony, on account of its specific gravity, © 
will be found at the bottom adhering to the scorize, from 
which it may be separated by a hammer. Or two parts of 
the sulphuret may be fused in a covered crucible with one of 
iron filings, and to these, when in fusion, half a part of nitre 
may be added. The sulphur quits the antimony, and com- 
bines with the iron. 

In order to obtain antimony in a state of complete purity, 
the metal, resulting from this operation, must be dissolved in 
nitro-muriatic acid, and the solution poured into water. A 
white powder will precipitate, which must be dried, mixed 
with twice its weight of crude tartar, and fused in a crucible, 
when the pure metal will be produced. 

II. Antimony in its metallic state (sometimes called regudus 
of antimony) is of a silvery white colour, very brittle, and of 
a plated or scaly texture. Its specific gravity, taken by Mr. 
Hatchett, was 6.712; by Dr. Thomson, 6.424. 

It is fusible by a he at of about 810° Fahrenheit; and cry- 
stallizes, on cooling, in the form of pyramids. In close vessels 
it may be volatilized, and collected unchanged. 

III. Oxides of Antimony.—-Antimony undergoes little change - 
when exposed to the atmosphere at its ordinary temperature ; 
but when fused, with the access of air, it emits white fumes, 
consisting of an oxide of the metal. When a small fragment 
is placed on charcoal, and exposed to the flame of a blow-pipe 
supplied with oxygen gas, it burns with great brilliancy ; and 
a dense yellow smoke of oxide arises from it. This oxide had 
formerly the name of argentine flowers of antimony. ‘The va- 
pour of water, brought into contact with ignited antimony, is 
decomposed with so much rapidity, as to produce a series of 
detonations. 

Considerable differences exist among chemists, as to the 
composition of the oxides of antimony. According to Proust, 
(Journ. de Phys. lv.) they may all be reduced to two. The 
first may be obtained by pouring muriate of antimony into water; 

F 2 
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washing the precipitate, first with a very weak solution of po- 
tassa, and afterwards with water; and then drying it. It iias 
a dirty white colour, melts at a moderate red heat, and becomes 
opaque on cooling. The peroxide may be procured by col- 
lecting the flowers of antimony already described, or by acting 
on the metal with nitric acid, and expelling the redundant 
acid by heat; or by projecting powdered metallic antimony 
into red hot nitre. This oxide is of a perfectly white colour, 
is less soluble than the former in water, less fusible, and may 
be volatilized at a lower temperature. The two oxides are 
composed, according to Proust, as follows : 


The first of 100 antimony + 22.7 oxygen. 
The second of 100 antimony + 30. oxygen. 


Berzelius* has described four compounds of oxygen with 
antimony; but the first, obtained by the long exposure of the 
metal to a humid atmosphere, or by making that metal the 
positive conductor in a galvanic arrangement, which he has 
called suboxide, cannot be considered as a definite compound. 
The next, which is the true profoxide, may be obtained from 
muriate of antimony in the manner already described; or by 
boiling 50 parts of powdered metallic antimony with 200 of 
concentrated sulphuric acid to dryness; washing the remainder, 
first with a weak solution of potassa, and then with hot water, 
and drying; or by precipitating the compound called emetic 
tartar with pure ammonia, and edulcorating the precipitate 
with plenty of’hot water. ‘This oxide fuses at a red heat, and, 
on cooling, becomes an almost white mass resembling asbestos. 
It appears to’ be the only oxide which is capable of acting as 
a true base with acids, and is that which gives activity to the 
principal medicinal preparations of antimony. 

The second or white oxide was formed by Berzelius by dis- 
solving metallic antimony in nitric acid, and evaporating and 
igniting the product; or by dissolving the metal in nitro-mu- 
riatic acid, decomposing by water, washing the precipitate, 
and calcining it in a platinum crucible. "When calcined suf- 

va 


* 86 Ann. de Chim. 225, 
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ficiently, and not too much, its colour is perfect or snow 
white. 

The third or yellow oxide Was obtained by fusing a mixture 
cf one part powdered metallic antimony and six of nitre, 
during an hour, in a silver crucible, and washing the fused 
mass first with cold and then with boiling water. ‘To the pro- 
duct, first evaporated to dryness, nitric acid was added, and 
the mixture digested several hours. A white precipitate was 
formed, which, when edulcorated, dried, and gently heated in 
a platinum crucible, assumed a fine lemon yellow colour. 
This was the peroxide of antimony. Dr. Thomson obtained 
it more simply by dissolving antimony in nitric acid, evapo- 
rating to dryness, and exposing the product for some hours to 
a heat of 500° Fahr. A yellow powder remained, of which 
74. parts, exposed to heat, left 7 of white deutoxide; and 100 
grains by distillation gave very nearly 19 cubic inches of 
oxygen gas. (Ann. of Phil. N.S. it. 125.) 

The composition of these oxides is thus stated by Berzelius, 


Metal. Oxygen. | Metal. Oxygen... 
PF PO de ax ss cari os 60 84082, os 1568-% 100... 6 
PAPC ONIN Cog 50s no nyo en 8018 03, 19-67 .| 100. +. -24.8 
Ba Perle tac. . ob cnee ee TO8S on 2EAS | 100.6537 80 
Ditte feorrected. 1821*) .. 76.34 .. 23.66 | 100-.x 31. 


It appears, therefore, that Proust and Berzelius do not 
coincide in their statements. Dr. Jolin Davy’s analysis of the 
protoxide exactly agrees with that of Berzelius; and the per- 
oxide he considers, with Proust, as composed of 100 metal + 
30 oxygen. (Phil. Trans. 1812.) 

Dr. Thomson was led, by his experiments, to assign to these 
oxides the following proportions: 


Protoxide .s6san.s bOO metal + 18.2 oxygen 
Heutexide 2.2 5 ...0100..de., 4-.27.3... de. 
Peromide asés26 ..s 1000 doxv.. + “36.4 de: 


These proportions, it is evident, are more consistent with 
the general law of chemical combination, than the later results 


ro <2 = eae ae ——- 


* Ann, de Chim. et de Phys. xvii. 16. 
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of Berzelius; though they present, with respect to the deu- 
toxide, the same anomaly as in the case of one or two other 
metals, viz. that the multiple of the oxygen of the first oxide is 
i. and not an entire number. If Berzelius’s analysis of the 
protoxide be correct, the equivalent number for antimony 
must be 43; but Dr. Thomson’s determination would make it 
44, Tull its composition is decided, we may assume for 


The equivalent number of antimony .... 44 

—__--————. of the protoxide 41 + 8 
-—______-_____——_——. of the deutoxide 44 + 12 = 56 
-—_________——- of the peroxide. .44 + 16 


| 
on 


| 
D 
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The peroxide is precipitated from its combinations in the 
form of a white hydrate, 100 grains of which, when exposed to 
a red heat, give 5 grains of water, and 90.48 grains of deutoxide, 
the loss (4.52) consisting of cxygen. (Berzelius.) 

The deutoxide and peroxide of antimony ought strictly, 
indeed, to be arranged among acids, rather than among 
oxides; for each of them combines with salifiable bases, and 
aftords a class of salts. The first has been called the antzmo- 
nious acid, and its compounds antimoniles; the second the an- 
gimonic acid, and the salts which it composes antimoniates. 
These names appear to me preferable to those which have been 
derived, by Berzelius, from the Latin appellation stiliam, viz. 
sttbious, and stibic acids. Yor a detail of the properties of these 
saline combinations, I refer to the memoir already quoted, and 
to the 5th volume of Ann. de Chim. et Phys. 

IV. Chloride of Antimony.—The combination of antimony 
with chdorine is best effected by distilling together 24 parts of 
bichloride of mercury (corrosive sublimate) and 1 part of pow- 
dered metallic antimony. The product may be rectified, by a 
second distillation at a low temperature. It was formerly 
known by the name of butter of antimony, on account of its 
consistency. At common temperatures, itis a soft solid, which 
liquefies by heat, and crystallizes on cooling. It deliquiates 
on exposure to the air, and, when poured into water, a preci- 
pitate falls, called Algarott:’s powder, which is a submuriate of 
the protoxide. From this, the muriatic acid is removeable by 
a weak solution of potassa, and the oxide remains pure. 
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Chloride of antimony has been inferred by Dr. Davy, from 


indirect experiments, to consist of 


Chlorine......... 39.58 ...... 100. 
Antimony ......-. 60.42 ...... 150.13 


100. 


If this determination were correct, the equivalent, deducible 
from it for antimony, would be 54, a number differing widely 
from that already deduced from the composition of the prot- 
oxide. It is more probable, that some error has crept into 
the estimate of the composition of the chloride, than that the 
constitution of the protoxide has been mis-stated. 

Todide of antimony is of a dark red colour; and, when acted 
upon by water, yieids hydriodic acid and oxide of antimony. 

VI. Salts of Antimony —Antimony is soluble in most of 
the acids. When heated with sulphuric acid, the acid is de- 
composed ; sulphurous acid is disengaged ; and the antimony, 
being converted into protoxide, a subsulphate is the product. 
Nitric acid dissolves this metal with great vehemence; buf the 
mest convenient solvent is the nitro-muriatic acid, which acts 
upon the metal both in a separate state, and as it exists in the 
black sulphuret. Muriaiic acid acts on the latter compound, 
and evolves sulphureted hydrogen gas in abundance, and of 
great purity, and muriate of ammonia is also formed, and re- 
mains in solution along with the muriate of antimony. (Ber- 
zelius, Ann. de Chim. et Phys. xvii.) 

Phosphate of antimony has not been examined. ‘The medi- 
cinal preparation, called James’s powder, was found by Dr. 
Pearson to consist of 57 protoxide of antimony, and 43 phos- 
phate of lime; and it has been imitated in the pulvis antimo- 
nialis of the London Pharmacopeeia, which is formed by cal- 
cining the native sulphuret with hartshorn shavings. The 
preparation appears to be often uncertain, and even almost 
inert, and to vary as to the state of oxidation in the antimony, 
containing sometimes a Jarge proportion of the peroxide.* 

LTartarized antimony, or emetic tartar, is a triple salt of prot- 


* See Mr. R. Phillips in Ann, of Phil. N.S. iv. 266. 
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oxide of antimony, potassa, and tartaric acid. It is best pre- 
pared, according to Mr. R. Phillips (on the London Pharma- 
copeeia, p. 80:) by boiling 100 parts of metallic antimony to 
dryness with 200 of sulphuric acid. One hundred parts of the 
resulting subsulphate, boiled in an iron vessel with an equal 
weight of bi-tartrate of potassa, give at the first crystallization 
90 parts of tartarized antimony ; and a further quantity may 
be obtained by evaporating the solution. ‘The primitive crystal 
of this salt is a rectangular octohedron, the planes of which 
meet at the summit at an angle of about 63°. Like other sub- 
stances possessing a similar primitive form, it admits of the te- 
trahedron as one of its varieties. This salt ought to form, 
with a dilute solution of sulphuret of potassa, an orange co- 
loured precipitate. 

V. Sulphuret of Antimony.—Antimony combines with szd- 
phur, and forms an artificial sulphuret, exactly resembling the 
native compound, which last may be employed, on account of 
its cheapness, for exhibiting the properties of sulphuret of an- 
timony. The proportions of its ingredients, as stated by Ber- 
zelius, differ from those assigned by Proust, viz. 


Pirenmiony:. tas F286 SA OO. ers. 
ONDOUT ee ces BIE 6 e7s OU ee os SO 


Dr. Thomson’s recent analysis makes it to consist of 772 
metal + 264 sulphur, or of 100 metal + 34.4 sulphur. To 
be double the oxygen of the protoxide, the sulphur ought to 
be 36.4 to 100 of the metal. 

When native sulphuret of antimony (frequently called crude 
antimony) is slowly roasted in a shallow vessel, it gradually 
loses its sulphur, the metal attracts oxygen, and is mostly 
converted into a grey oxide. This, being melted in a strong 
heat, acquires a reddish colour, and runs into a glassy sub- 
stance, transparent at its edges, and termed glass of antimony. 
It consists of eight parts of protoxide and one of sulphuret, 
with ten per cent. of silex. The same quantity of oxide and 
two of sulphuret give an opaque compound, of a red colour 
inclining to yellow ; and called crocus metallorum. With eight 
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parts of oxide and four of sulphur, we obtain an opaque mass 
of a dark red colour, called liver of antimony. In all these 
compounds, the oxide is at its minimum of oxidation ; for the 
peroxide is incapable of dissolving the sulphuret. 

2. When fused with potassa, a triple compound is formed, 
composed of alkali, sulphur, and antimony. Or the combi- 
nation may be effected, in the humid way, by boiling the pow- 
dered native sulphuret with pure potassa. The solution, on 
cooling, deposits an hydro-sulphureted oxide, in which the 
oxide prevails,-called Kermes mineral. ‘This compound, from 
Dr. Thomson’s analysis, appears to be composed of 1 atom of 
protoxide + 1 atom of sulphureted bydrogen, or of 75.36 of 
the former + 24.64 of the latter. The addition of a dilute 
acid to the cold solution, precipitates a compound, called 
golden sulphur cf antimony, which may, also, be obtained by 
decomposing chloride of antimony with a sufficient quantity of 
bydrosulphuret of potassa. From Kermes mineral, this com- 
pound differs only in containing a larger proportion of sul- 
phureted hydrogen; for Kermes may be changed into the 
golden sulphur of antimony, by water impregnated with sul- 
eiiecicd hydrogen. 

3. When the Seip et of antimony is detonated with twice 
its weight, or upwards, of powdered nitre, the sulphur is oxy- 
genated by the oxygen of the nitric acid; sulphate of potassa 
is formed, and an oxide of antimony is obtained, varying in 
its degree of oxidation, with the proportion of nitre which has 
been employed. The oxide remains, after washing away the 
sulphate with boiling water. If four times its weight of nitre 
be employed, the metal gains 3% per cent. of oxygen; acquires 
the characters of an acid; and forms, with potassa, a crystal- 
lizable compound, or antimoniate. 

VI. Alloys of Antimony.— Antimony enters into combina- 
tion with most of the metals. It destroys the ductility of eold, 
even when it composes only ~,,5th of the whole mass, or whe 
its fumes alone come into contact with meltéd gold. The most 
important of its alloys is that which it forms with lead. In 
the proportion of one part to sixteen of lead, it composes the 
metal for printers’ types. It may be alloyed with tin, but if 
its proportion in the alloy exceeds one fourth, the tin loses its 
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ductility. ‘Tin, also, by combination with more than {,th of 
its weight of antimony, acquires the insolubility of the latter 
metal in muriatic acid.* In analyzing compounds of tin and 
antimony, it is necessary first to make an alloy, in which the 
antimony shall not exceed the above proportion of 5th part, 
for then concentrated muriatic acid, by digestion with this 
alloy, dissolves the tin, and leaves the antimony untouched. 


SS 


SECTION XXY. 
Uranium. 


Turs metal was discovered by Klaproth, in 1789, in a mi- 
neral called pechblende, which contains uranium combined 
with sulphur. The metal is separated from the sulphur, first 
by roasting; then dissolving the ore in nitro-muriatic acid, 
and precipitating by an excess of pureammonia. An orange- 
coloured precipitate is obtained, which is an oxide of uranium. 
This may be reduced to a metallic form, in the same manner 
as the melybdic acid. 

Uranium is of an iron grey colour; and internally of a 
reddish brown. It has only been obtained in small grains 
of considerable hardness and lustre, and of the specific gravity 
9. Its fusion is very difficultly effected. . It undergoes no 
change by exposure to air, unless strongly heated, when it 
burns, and becomes a black oxide. 

The metal is most soluble in nitric acid. The nitrate forms 
prismatic brownish ycllow crystals, which have a peculiar iri- 
descent appearance, are deliquescent, and are constituted, ac- 
cording to Bucholz, of 61 base, + 25acid, + 14 water. 

With sulphuric acid, it affords a salt of similar colour and 
shape to the nitrate, consisting of 70 oxide + 18 acid, + 12 
water. 

Its hydrated oxide, when precipitated by ammonia from 
nitric acid, is of a yellow colour, and dissolves in acids. When 
gently dried, it consists of 88 oxide, and 12 water in 100. It 
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is precipitated again by alkalis; and is thrown down, of a 
reddish brown colour, by prussiates. Sulphuret of ammonia 
gives a brownish yellow precipitate; and tincture of galls, a 
chocolate brown one. When exposed to intense galvanic ac- 
tion, it is fused, but not reduced. 

The yellow oxide of uranium is insoluble in alkalis, which 
distinguishes it from the oxide of-tungsten. It is soluble, 
however, by alkaline carbonates, especially by carbonate of 
ammonia. 

There appear to be two oxides of uranium, the yellow one, 
which retains its colour when heated alone, and becomes the 
black oxide, when heated with a little oil. The first, accord- 
ing to Bucholz, consists of 80 metal and 20 oxygen; but the 
composition of the black oxide is not yet determined. Ac- 
cording to the experiments of Schoubert (Thomson’s Chemis- 
try, 1.427) the composition of the protoxide of uranium, de- 
duced from the analysis of the muriate, is 100 metal + 6.373 
oxygen; and the multiple of the oxygen in the peroxide, being, 
according to the same authority 14, we have 100 metal, + 
9.569 oxygen for the composition of the peroxide. This 
would make the weight of the atom of uranium 125, of the 
protoxide 133, and of the peroxide 137. But from a series of 
experiments which are described in the Quarterly Journal, 
x1x. 88, it seems probable that 72 may be the equivalent num- 
ber. ‘The subject, however, still remains in considerable un- 
certainty, and more especially as the analyses of its salts, as 
there stated, afford equivalent numbers that do not coincide 
with each other. 


SECTION XXVI. 
Cerium. 


I. Cerium was discovered, by Messrs. Berzelius and 
Hisinger of Stockholm, in a mineral from Bastnas, in Sweden, 
which had been supposed to be an ore of tungsten. This dis- 
covery has been since confirmed by Vauquelin; who, after 
a careful examinaticn of the mineral, concurs in opinion, 
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that it contains the oxide of an unknown metal. From the 
planet Ceres, discovered about the same period, it has been 
called Cerium; and the mineral that contains it Is termed 
Cerite.* Cerium has since been found by Dr. ‘Thomson to 
compose 40 per cent. of a mineral from Greenland, first dis- 
tinguished as a peculiar species by Mr. Allan of Idinburgh, 
and thence called Allanite. ) 

II. Oxides.—To obtain the oxide of this metal, the cerite, 
after being calcined and pulverized, is dissolved in nitro- 
muriatic acid. The solution is filtered, neutralized with pure 
potash, and then precipitated by tartrate of potassa; or, as 
Laugier recommends, by oxalic acid. This precipitate, well 
washed, and afterwards calcined, is the oxide of cerium. The 
white oxide has been determined by Hisinger, + to consist of 


CFG Rivas don « BSOS8 swan 100: 
OR yeetiis 25 a shes FOND oiesinn, Bt 


100. 


The peroxide, which is obtained by caleining the white 
oxide, is of a fallow red colour. It is composed of 


‘Cerin +. 02834500 7989 22.02 < 106: 
Oey ees AS OT aed. FS 


100. 

Hence it appears that the oxygen in the protoxide is to that 
in the peroxide very nearly as 2 to 3. If then we consider 
the former as constituted of 2 atoms of oxygen -- 1 of metal, 
the equivalent for cerium will be 92; if of one atom only of 
oxygen + 1 atom of metal, the representative number of 
cerium will be 46; that of the protoxide 54; and that of the 
peroxide 62. 

III. Salts of Cerium.—Sulphurie acid, diluted with four times 
its weight of water, dissolves the red oxide. The solution, on 
being evaporated, yields crystals, some of which are orange, 
and others have a lemon ycllow colour. The sulphate is 
soluble only by an excess of acid. Its taste is saccharine 


* See Nicholson’s Journal, xii. 105. + Thomson’s Annals, iv. 357. 
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mixed with acid. Sulphuric acid readily unites also with the 
white oxide; the solution is nearly colourless, but has a slight 
rosy tinge. It has a saccharine taste, unmixed with acidity, 
and yields white crystals. 

Nitric acid unites most easily with the white oxide. The 
solution is very sweet, and is not crystallizable. When decom- 
posed by heat, it leaves a brick-coloured oxide. 

Muriatic acid dissolves the red oxide; and the solution crys- 
tallizes confusedly. The salt is deliquescent; soluble in an 
equal weight of water; and in three or four parts of alcohol. 
When this solution is concentrated, it burns with a yellow 
sparkling flame. The dry salt consists of 100 parts of muriatic 
acid united with 197.5 of oxide of cerium. 

An infusion of galls produces, in muriate of cerium, a 
yellowish precipitate not very abundant. <A few drops of am- 
monia throw down a very voluminous one of a brown colour, 
which becomes black and brilliant, by desiccation. By the 
action of heat, it assumes a brick-red colour. 

Oxide of cerium unites readily with carbonic acid. 'This 
union is best effected, by precipitating a solution-of the oxide 
with carbonate of potassa. .An effervescence ensues; and a 
white and light precipitate is formed, which assumes, on dry- 
ing, a silvery appearance. It contains per cent. 57.9 parts of 
protoxide, 19.1 of water, and 23 of carbonic acid. 

IV. Sulphureted hydrogen does net unite with cerium. 

V. Properties of the metal.—The attempts of Vanquelin to 
reduce the oxide of cerium produced only a small metallic 
globule, not larger than a pin’s head. ‘This globule was not 
acted upon by any of the simple acids; but it was dissolved, 
though slowly, by nitro-muriatic acid. The solution was 
reddish, and gave traces of iron; but it also gave evident 
marks of cerium, by the white precipitate which tartrite of 
potassa and oxalate of ammonia threw down. The metallic 
globule, also, was harder, whiter, much more brittle, and more 
scaly in its fracture, than pure cast-iron. When exposed by 
Mr. Children to his powerful Galvanic battery, oxide of 
cerium fused; and, when intensely heated, burned with 
a vivid white flame, and was partly volatilized. The fused 
oxide, on exposure for a few hours to the air, fell into a light 
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brown powder, containing numerous particles of a silvery 
lustre. Hence cerium appears to be a volatile metal, unless it 
be volatilized in the state of an oxide, which remains to be 
decided by future experiments. 


-——<——_- 
SECTION XXVII. 
Cobalt. 


I. Copatt may either be obtained from a substance, which 
may be purchased under the name of Zaffre, by fusing the 
zaffre with three times its weight of black flux; or it may be 
purchased, at a moderate price, in a metallic form. It has 
been found by Stromeyer in a meteoric stone from the Cape 
of Good Hope,* and by others in stones of similar origin. 

To obtain cobalt in a perfectly pure state, Tromsdorff re- 
commends, that the zaftre should be, three times successively, 
detonated with one fourth its weight of dry nitre, and one 
eighth of powdered charcoal. After the last of these opera- 
tions, the mass is to be mixed with an equal weight of black 
flux, and the cobalt reduced. The metal is then to be pul- 
verized, and detonated with thrice its weight of dried nitre. 
This oxidizes the iron to its maximum; and acidifies the 
arsenic; which last unites with the potassa. Wash off the 
arseniate of potassa, and digest the residue in nitric acid. This 
will take up the oxide of cobalt, and leave the oxide of iron. 
Evaporate to dryness; re-dissolve in nitric acid; filter the 
solution; and decompose it by a solution of potassa. The 
oxide of cobalt, now obtained, may be reduced by the black 
flux, as before directed. Dr. Thomson obtains the metal 
more summarily by the decomposition of the oxalate of co- 
balt. (Ann. of Phil. N.S. i. 250.) 

Cobalt has a greyish white colour, inclining somewhat 
to pink. Its specific gravity is 7.7; it is brittle and easily re- 
duced to powder; is not fusible with a less heat than 130° of 
Wedgewood; and, when slowly cooled, may be obtained 
crystallized in irregular prisms. It is magnetic, and was 
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found by Wenzel to be convertible into a magnet, having all 
the properties of the magnetic needle. ‘This quality, however, 
Mr. Chenevix imputes to its contamination with a small quan- 
tity of iron. 

II. Oxides of cobalt.—By exposure to the atmosphere cobalt 
is tarnished, but not oxidized to any extent. In an intense 
heat it burns with a red flame; but, if pure, it is not easily 
oxidized by a moderate temperature. Its oxide, formed by 
long exposure to a strong heat with access of air, is of a deep 
blue, approaching to black. This, from the experiments of 
Thenard, appears to be the protoxide, which may be obtained, 
also, by precipitating the nitrate of cobalt with potassa. The 
precipitate, which at first is a bright blue hydrate, becomes 
when dry of so dark a blue as to appear black. It dissolves 
readily in muriatic acid, giving a solution which is green 
when concentrated, and red when diluted. Its solutions in 
sulphuric and nitric acids are always red. 

When this oxide is exposed to the atmosphere, it gradually 
absorbs an additional quantity of oxygen; and becomes olive 
green. Treated with muriatic acid, it gives chlorine gas, and 
a red solution is obtained. This olive compound Sir H. Davy 
suspects to be a mixture of hydrate and oxide of cobalt, and 
not a peculiar oxide. 

When either of the two preceding oxides is heated in the 
open air, it passes to a flea-brown colour, which gradually be- 
comes black. This is the metal oxidated to its maximum. 
The peroxide dissolves in muriatic acid, with a copious disen- 
gagement of chlorine. It is insoluble, however, in sulphuric 
and nitric acids, till it has parted with oxygen enough, to 
reduce it to the minimum state. It is incapable, also, of being 
dissolved in pure alkalis, or of tinging vitrifiable mixtures 
blue. 

The black or peroxide, heated for half an hour at the 
bottom of a crucible, loses a part of its oxygen, and is re- 
duced to the state of protoxide. The protoxide is composed, 

7 Metal. Oxygen. Metal. Oxygen. 
According to Proust, of.. 83.5 ..16.5 ....100.. 19.8 
—- Rolhoff, ....°79.56.. 21.44.... 100.. 27.3 
Thomson. ......¢ssecesseeees 100., 28.5 
—= Brande .sscccseeveccvecseves 100+, 247 
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And peroxide of cobalt consists, 
Metal. Oxygen. Metal. Oxygen. 
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Rolhoff ascertained that 100 parts of peroxide of cobalt, 
exposed to a strong heat, lose from 9.5 to 9.9.* ‘Taking the 
mean, 9.7, we have 100. of the peroxide composed of 9.7 
oxygen + 90.3 protoxide, the oxygen in which, according to 
the same authority, is 19.3. Therefore 9.7 + 19.3 = 29, is 
the oxygen in 100 of the peroxide; or 100 of the metal con- 
dense 40.85 oxygen. Hence the peroxide contains 1+ times 
as much oxygen as the protoxide. Assuming then the prot- 
oxide to consist of 1 atom of metal + 1 atom of oxygen, the 
equivalent number for cobalt will be very nearly 30; for the 
protoxide 38; and for the peroxide 42. The anomaly of the 
fractional atom in the peroxide, may be got over by doubling 
the atom of cobalt, and considering the protoxide as 1 metal 
-+ 2 oxygen, and the peroxide as.1 metal + 3 oxygen; but 
in that case the true protoxide, consisting of an atom of each 
element, must be supposed to be unknown. The subject, 
indeed, appears to require further elucidation from experi- 
ment. 

ILl. Chloride of Cobalt.—Cobalt takes fire when introduced, 
in a finely divided state, into chlorine gas; but the compound 
has not been examined. Mr. Brande, from the analysis of 
the chloride obtained by evaporating muriate of cobalt, infers 
that 100 of chlorine unite with 91.1 of cobalt; but this would 
give for the equivalent of that metal a higher number (32.54) 
than the number deducible from the composition of the oxide. 

IV. Salts of Cobalt.— Sulphuric acid does not attack cobalt 
unless when concentrated and heated; nor does it readily dis~ 
solve the oxide. ‘They may, however, be brought to combine, 
and the result is a salt-in small red prismatic crystals, com- 
posed, according to Dr. Thomson, of 
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Nitro-muriate and Nitrate of Colalt.—The best solvents of 
cobalt are the nitro-muriatic and nitric acids; and the solu- 
tions have the property of forming sympathetic inks. One 
part of cobalt, or, still better, of zaffre, may be digested, in a 
sand-heat, for some hours, with four parts of nitric acid. To 
the solution, add one part of muriate of soda; and dilute with 
four parts of water. Characters written with this solution are 
illegible when cold; but when a gentle heat is applied, they 
assume a beautiful blue or green colour.* ‘This experiment is 
rendered more amusing, by drawing the trunk and branches 
of a tree in the ordinary manner, and tracing the leaves with 
a solution of cobalt. The tree appears leafless, till the paper 
is heated, when it suddenly becomes covered with beautiful 
foliage. : mn 

The crystals of nitrate of cobalt, are small prisms of a red 
colour. ‘They are deliquescent in the air, and decomposable by 
heat, leaving a deep red powder. When thrown into a flask full 
of liquid potassa, they are immediately decomposed. A blue 
precipitate is formed, which, if the flask be immediately closed, 
passes to violet, and afterwards to red, by becoming the 
hydrate or hydrated oxide of cobalt. This compound is soluble 
in cold carbonate of potassa and tinges it red. The oxide is 
not soluble in this liquid. The hydrate loses from 20 to 21 
per cent. of water by heat, and is reduced to protoxide. Solu- 
tions of cobalt are precipitated by carbonated alkalis, at first 
of a peach-flower colour, and afterwards of a lilac hue. 

Phosphate of cobalt is formed by mixing muriate of cobalt 
and phosphate of soda. A lilac precipitate falls, which, if 
‘mixed with eight parts of fresh precipitated alumina, and 
dried, forms, according to Thenard, a blue pigment that may 
be substituted for ultra marine. 

Oxalic acid throws down from solutions of cobalt a rose 
coloured precipitate; ferro-cyanale of potassa one of a grass 
green colour; solution of borax a pink compound; and hydro- 
sulphuret of ammonia a black hydro-sulphuret of cobalt. 


* For some ingenious speculations on the cause of these phenomena, 
consult Mr. Hatchett’s paper on the Carinthian molybdate of lead. (Phi- 
losophical Transactions, 1796.) 
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V. Sulphuret.—Cobalt may be brought to combine directly 
with sulphur and with phosphorus; but the compounds have 
no peculiarly interesting properties. The sulphuret is com- 
posed, according to Proust, who, however, does not place 
much reliance on his analysis, of 
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100. 


VI. Alloys.—Cobalt may be alloyed with most of the 
metals, with the exception of bismuth and zinc; but its alloys 
have not yet been applied to any useful purpose. 

Cobalt, when oxidized, is the basis of zaffre. This is 
generally prepared by roasting, from the ore, its volatile in- 
gredients; and mixing, with the remainder, three parts of 
sand, or calcined flints. Zaffre, when fused, forms a blue 
glass; which, when ground and washed, is the substance 
termed smalts, used as a colouring substance for’ linen, and 
for imparting a blue colour to glass. These, and its applica- 
tion in the manufacture of porcelain, are the principal uses of 
cobalt in the arts. 

—————- 


SECTION XXVIII. 


Titanium. 


I. Titanium is obtained from a mineral discovered in_ 
Hungary, &c., called red schorl, or titanite; and it is found, 
also, in a substance from Cornwall, termed menachanite; in 
octahedral iron ore from Corsica; and in the specular iron ore 
of Elba. It was in menachanite, that it was originally dis- 
covered by Mr. Gregor of Cornwall; and its characters have 
since been more fully investigated by Klaproth, Vauquelin 
and Hecht, Lovitz, and Lampadius. To separate it from 
titanite, the mineral is to. be reduced to powder, and fused 
with twice its weight of potassa. When the fused mass, 
after cooling, is dissolved in water, a white oxide of titanium 
remains. ‘To free it from iron, Laugier dissolved this oxide 
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in muriatic acid, and added oxalic acid, which separates a 
white: flocculent precipitate of oxalate of titanium.* The 
oxalic acid in this may be destroyed by calcination. 

Menachanite is to be first fused with potassa in a similar 
manner; and to the alkaline solution, muriatic acid is to be 
added. This dissolves the oxide of iron, and precipitates the 
white oxide of titanium, still, however, contaminated by some 
iron. 

IT. ‘The oxide of titanium fuses, but is not reduced by a 
powerful Galvanic battery. It is reduced, however, by ex- 
posure to an intense heat, moistened with oil, and surrounded 
by powdered charcoal. <A blackish blistered substance is ob- 
tained, some points of which have a reddish colour. Lam- 
padius states its colour to be that of copper, but deeper; and 
its lustre to be considerable. It is brittle, but when in thin 
plates, has considerable elasticity. When this is boiled with 
nitric acid, no remarkable effect ensues, but the bright spots 
disappear, and are succeeded by a white compound. Nitro- 
muriatic acid forms, also, a white powder, which remains 
suspended in it. Sulphuric acid exhibits a similar appearance ; 
sulphurous acid is disengaged; and the titanium is partly 
changed to a white oxide, and partly dissolved. Muriatic 
acid dissolves titanium, but not its oxide. 

Itt. The solutions of titanium give a white precipitate with 
carbonates of alkali; a grass green, mixed with brown, with 
prussiate of potash ; and a dirty dark green, with hydro-sul- 
phurets. Infusion of galls precipitates a reddish brown sub- 
stance, which, if the solution be concentrated, has the appear- 
ance of coagulated blood. A rod of tin, immersed in the 
solution, imparts to the liquid around it a fine red colour ; 
and a rod of zinc a deep blue one. 

IV. Titanium tarnishes by exposure to the atmosphere, and 
is oxidized when heated with access of air. It is susceptible 
of three stages of oxidizement. The first oxide is blue or 
purple, the second red, and the third white. The white oxide 
is the only one, with the composition of which we are accu 
rately acquainted. It has been shown, by Vauquelin and 
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Hecht, to consist of 89 parts of the red oxide and 11 parts of 
oxygen. 

Mr. Rose of Stockholm has attempted to analyze oxide of 
titanium by converting it intoasulphuret. Passing sulphuret 
of carbon over the oxide ignited in a porcelain tube, he ob- 
tained a greyish yellow mass bordering on green. From the 
analysis of this compound, he deduces that the oxide of titanium 
contains 33.93 hundredths of its weight of oxygen. The oxide, 
he observes, does not possess any of the characters of a salifiable 
base. It dissolves in water, reddens vegetable blues, and 
expels carbonic acid from carbonates. (Quarterly Journal, xiii. 
226.) In these qualities, it approaches to the nature of an 
acid. In the present state of our knowledge of titanium, it 
would be premature to attempt to deduce its equivalent. 

V. Titanium appears to be incapable of uniting directly 
with sulphur; but Mr. Chenevix has succeeded in combining 
it with phosphorus. 

The only alloy of any consequence, which it forms, is with 
iron. It is of a grey colour, interspersed with brilliant parti- 
cles, and is quite infusible. 


<p 
SECTION XXIX. 


Bismuth. 


Bismutn has a reddish white colour, and is composed of 
broad brilliant plates adhering to each other. Its specific 
gravity is 9.822, but is increased by hammering. It breaks, 
however, under the hammer, and hence cannot be considered 
as malleable; nor can it be drawn out into wire. The bis-« 
muth of commerce is not quite pure. To purify it, Dr. Thom- 
son dissolved it in nitric acid, decomposed the nitrate by water, 
edulcorated the oxide, and reduced it to a metallic state by 
heating it in a covered crucible with black flux. (Ann. of 
Phil..N.S, ii. 122.) 

I. Bismuth is one of the most fusible metals, melting at 
476° Fahrenheit ; and it forms, more readily than most other 
metals, distinct crystals by slow cooling. M. Chaudet has 
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shown that though covered with charcoal, it may be com- 
pletely volatilized, if kept for a sufficient time at a temperature 
of about 30° Wedgewood. 

Il. Oxide—When kept melted at a moderate heat, it be- 
comes covered with an oxide of a greenish grey or brown 
colour. In amore violent heat bismuth is volatile, and may be 
sublimed in close vessels; but, with the access of air, it emits a 
blue flame, and its oxide exhales in the form of a yellowish 
smoke, condensible by cold bodies, ‘This oxide is very fusi- 
ble; and is convertible, by heat, into a yellow transparent 
glass. It is the only oxide of bismuth with which we are 
acquainted ; and consists, according to the experiments of 
Lagerhjelm,* of 
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From this result, which makes the equivalent number of 
bismuth 71, and that of the oxide 79, Dr. Thomson’s estimate, 
founded on his own experiments, does not materially differ. 

Ill. Chloride of Besmuth.—The solution of bismuth in mu- 
riatic acid, being deprived of water by evaporation, yields a 
salt which is capable of being sublimed, and which deliquesces 
into what has been called utter of bismuth. A similar product 
is obtained by introducing finely divided bismuth into chlorine 
gas, when the metal takes fire and burns with a pale blue light. 
This compound is the only known chloride of bismuth. It 
was analyzed by Dr. Davy, and found to contain 
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From this analysis, the equivalent of bismuth, also, appears 
to be 71, agreeing with the number derived from the oxide. 
iV. Iodide of aneee may be formed by heating that me- 
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tal with iodine. Itis of an orange colour and insoluble in 
water. With hydriodic acid, or hydriodate of potassa, nitrate 
of bismuth affords a deep chocolate coloured precipitate. 

V. Salis of Bismuth.—Sulphuric acid acts when hot and 
concentrated on bismuth, and sulphurous acid is disengaged. 
A part of the bismuth is dissolved; and the remainder is 
changed into an insoluble oxide. The sulphate, on the au- 
thority of Lagerhjelm, is stated to consist of . 


Oxide of bismuth .. .... 66.853 ....100. .... 79 
Sulphuric acid -....... 33.647.... 50.71.... 40 


100. 119 
Besides the neutral sulphate, Berzelius describes a sub-sul- 
phate consisting of 
Atoms. 
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Nitric acid dissolves bismuth with great rapidity. To 
one part and a half of nitric acid, add, at distant intervals, 
one of bismuth, broken into small pieces. The solution is 
erystallizable in small four-sided prisms. It is decomposed 
when added to water; and a white substance is precipitated, 
which is the pigment called megistery of bismuth, or pearl- 
white. This compound consists of hydrated oxide of bismuth 
with a small proportion of nitric acid; and the supernatant 
liquid contains a solution of bismuth with great excess of acid. 
The precipitate is soluble to a considerable extent In pure am- 
monia, but not so much so in pure fixed alkalis. It is liable 
to be turned black bysulphureted hydrogen, and by the vapours 
of putrefying substances in general. It is employed in medi- 
cine as a tonic, under the name of oxide of bismuth. 

With tartaric acid, bismuth forms an insoluble salt; but 
if this compound be boiled with tartrate of soda, or if super- 
tartrate of seda be boiled with oxide of bismuth, a solution is 
obtained which is perfectly nentral, and holds much bismuth 
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in combination. ‘This solution is not precipitated, either by 
alkalis or alkaline carbonates, but is decomposed by hydro- 
sulphuret of ammonia. When evaporated, it becomes adhe- 
sive like gum. ‘Tartrate of bismuth and tartrate of potassa, 
also, form a soluble and neutral triple salt. 
- Bismuth may be made the basis of a sympathetic ink. The 
acid, employed for this purpose, must be one that does not 
act on paper, such as the acetic. Characters, written with this 
solution, become black when exposed to sulphureted hydro- 
gen. 

VI. Sulphuret.—Bismuth combines with sulphur, and forms 
a bluish grey sulphuret, having a metallic lustre, which is, 
also, found native. Lagerhjelm has analyzed it, and found it 
to consist of 


rismruuly g) cer S80O19R eh cc. BOO. lee ore TL 
SHO OOE es oo ESS OR iss DIODE. oeeee 16 


100. 87 
VIT. Alloys.—Bismuth is capable of being alloyed with 


most of the metals, and forms with some of them compounds 
of remarkable fusibility. One of these is Sir Isaac Newton’s 
fusible metal. It consists of eight parts of bismuth, five of 
lead, and three of tin. When thrown into water, it melts 
before the water is heated to the boiling point. It is from 
this property of forming fusible alloys, that bismuth enters 
into the composition of several of the soft solders, which, in- 
deed, is its principal use in the arts. 

Bismuth has the singular property of depriving gold of its 
ductility; even when combined with it in very minute pro- 
portion. ‘This effect 1s produced by merely keeping gold in 
fusion near melted bismuth. It has, nevertheless, been em- 
ployed by Chaudet in cupellation. (Ann. de Chim, et Phys. 
vill. 113.) 
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SECTION XXX. 


Copper. 


Copper, according to Berzelius, as it is found in com- 
merce, is always contaminated with a little charcoal and sul- 
phur, amounting to about one half of a grain in 100 grains. 
Lead, antimony, and arsenic, are also occasionally found in it.* 
To fit it for purposes of accuracy, it may be dissolved in 
strong muriatic acid; and, after adding water, may be pre- 
cipitated from the solution by a polished plate of iron. ‘The 
metal thus obtained, should be washed, first with diluted 
muriatic acid, and then with water, and may either be fused, 
or kept in a divided form. 

Copper is a metal of a beautiful red colour, and admits of a 
considerable degree of lustre. Its specific gravity varies, with 
the operations to which it has been subjected. Lewis states 
it at 8.830; Mr. Hatchett found that of the finest granulated 
Swedish copper to be 8.895; and Cronstedt states the specific 
gravity of Japan copper, at 9, while Dr. Thomson, from his 
own experiments, makes it only 8.454. 

Copper has considerable malleability, and may be hammered 
into very thin leaves. It is, also, very ductile; and may be 
drawn into wire, which has great tenacity. 

At 27° Wedgewood, copper fuses, and by a sufficient in- 
crease and continuance of the heat, it evaporates in visible 
fumes. 7 - 

I. Oxides of Copper.—1. Copper is oxidized by air. This 
inay be shown by heating one end of a polished bar of copper, 
which will exhibit various shades of colour, according to the 
intensity of the heat. 

A plate of copper, exposed for some time to heat, becomes 
covered with an oxide, which breaks off in scales when the 
copper is hammered. It is composed of 62 of the black 
oxide and 38 copper. ‘This imperfect oxide, when exposed 
on a muffle, is farther oxidized, and assumes a deep red hue. 


* 47 Phil, Mag. 206. 
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Copper is also oxidized by long exposure to a humid atmo- 
sphere, and assumes a green colour; but the green compound 
holds carbonic acid in combination. The oxides of copper do 
not return to a metallic state by the mere application of heat; 
but require, for their reduction, the admixture of inflammable 
matter. 

2. Copper does not decompose water, which may even be 
transmitted, in vapour, through a red hot tube of this metal, 
without decomposition. , 

3. Copper is susceptible of only two degrees of oxidize- 
ment; in its lower stage the compound is red; when oxidated 
to the maximum, it is black. 

The Llack or peroxide may be obtained, either by calcining 
the scales of copper, which have already been alluded to, 
under a muffle; or by decomposing nitrate of copper by 
carbonate of potassa, and .igniting the precipitate; or by the 
simple ignition of the nitrate. It is composed, according to 
Proust, of 
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Berzelius, after examining the composition of this oxide, 
proposes only a very small change in the statement of Proust, 
viz. that 100 parts of copper unite with 25:272 oxygen to form 
the peroxide. (An. de Ch. et Phys. xvil. 26.) 

When to a solution of the nitrate, or of almost any other 
salt of copper, a solution of potassa is added, a blue precipi- 
tate appears, which is a combination of peroxide of copper 
with water, or a hydrated peroxide of copper. Collected on a 
filter and dried at a very moderate heat, it shrinks like alu- 
mina, but still retains its colour. At a higher temperature, 
the water is expelled, and about 75 parts of peroxide of cop- 
per are left by every 100. It is, probably, therefore, a com- 
pound of 1 atom of peroxide with 3 atoms of water. 

To prepare the protoxide of copper, Mr. Chenevix recom- 
mends the following process. Mix together 574 parts of 
peroxide of copper, and 50 parts of metallic copper preci- 
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pitated from the sulphate on an iron plate. ‘Triturate in a 
mortar, and put the mixture, with 400 parts of muriatic acid, 
into a phial, which is to be well stopped. The copper and its 
oxide will be dissolved with heat. When potassa is poured 
into this solution, the oxide (or rather hydrated protoxide) of 
copper is precipitated of an orange colour. This oxide, when 
deprived of water, becomes red; but it attracts oxygen so 
strongly, that it can scarcely be dried without absorbing more. 


It is composed of 
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The equivalent number of copper, deducible from the com- 
position of the protoxide, is therefore 64, for 12.5:100:: 8: 64; 
and the two oxides of copper must be constituted as fol- 


lows: 


Protoxide, 1 atom of copper = 64 + 1 atom of oxygen. 
Peroxide, 1 atom of copper = 64 + 2 atoms of oxygen. 


The first therefore will be represented by 72, and the per- 
oxide by 80. 7 
II. Chlorides of Copper.—By the combustion of copper in 

chlorine gas, two compounds are produced at the same time, 
one of which is a fixed easily fusible substance, resembling 
common rosin, and called by Boyle, who has described it, 
rosin of copper. It may be procured, also, by carefully eva- 
porating and fusing the protomuriate ; and it remains in the 
retort, after distilling a mixture of two parts of corrosive sub- 
limate and one of copper filings. It is insoluble in water, 
but soluble in muriatic acid. Its colour is generally dark 
brown, but if exposed to the air it becomes green, or if fused 
and slowly cooled, yellow and semi-transparent. It consists 
of 

Copper sia% 43 GE ae 
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Being constituted of an atom of each of its elements, it may. 
be called the protochloride of copper. In this instance, pre- 
- cisely the same equivalent for copper is deducible from the 
proto-chloride, as from the protoxide. 

The perchloride of copper may be formed by evaporating 
the solution of peroxide in muriatic acid, at a heat below 
400° Fahr. Its colour is yellow, but, when dissolved in water, 
which readily acts upon it, it affords a green solution, iden- 
tical with the permuriate. It consists of 


Copper ....++ 60 weseee 47 see0++ 100 
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III. Salis of Copper.—Corresponding with the two chlo- 
rides of copper, we have also a protomuriate and permuriate. 
The latter is obtained by dissolving peroxide of copper in mu- 
riatic acid. By careful evaporation and cooling, the permu- 
riate crystallizes in rhomboidal prismatic parallelopipeds, 
which are deliquescent and readily soluble both in water and 
alcohol. It is composed, according to Proust, of 


Peroxide of copper ........ 40 
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100 

Excluding water, Berzelius states its composition to be 
59.8 base + 40.2 acid. But these statements, besides being 
at variance with each other, are neither of them consistent 
with theory, which would require the permuriate to consist of 
2 atoms of muriatic acid = 74, and one atom of peroxide of 
copper = 80. One hundred parts, therefore, should consist 
of 48 acid + 52 base. The salt, in fact, appears to be a li- 
permuriate. 

Plates of copper, exposed to the vapour of muriatic acid, 
become covered with an insoluble coating of a green powder, 
which is, most probably, a true muriate, or compound of 1 
atom of base + 1 atom of acid. It dissolves readily in muriatic 
acid, and by the addition of alkalis yield peroxide of copper. 
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By digesting a solution of permuriate of copper with filings 
of that metal, it is converted into a muriate of protoxide or 
protomuriate, the fresh portion of copper being oxidized at the 
expence of that which was held in solution. This salt is de- 
composed by merely pouring it into water. Alkalis throw 
down an orange coloured precipitate. It consists, according 
to Proust, of 
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The native green copper sand of Chili and Peru has been 
analyzed by Dr. John Davy, and found to be a compound of 


Peroxide of copper ....e. yee 1 
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Neither of the two last compounds exactly agrees with the 
law of atomic proportions; but the green sand approaches 
nearly to a submuriate, consisting of one atom muriatic acid 
-+ 2 atoms of peroxide, -+- 3 atoms of water. 

Chlorate of copper was formed by Vauquelin, by dissolving 
peroxide of copper in chloric acid. It is a bluish green salt, 

deliquescent, and difficultly crystallizable. 
— Iodate of copper is an insoluble substance. It is precipitated 
from solutions of copper by alkaline iodates. | 

Nitrate of Copper.—Copper readily dissolves in nitric acid 
diluted with two or three parts of water, and nitrous gas, hold- 
ing a little copper in solution, is evolved in great abundance. 
The solution at first is green and muddy, but by degrees it be- ' 
comes transparent and blue, and gives prismatic crystals of a 
fine blue colour, consisting, exclusive of water, of 


Peroxide 1.3 isu nes eee oe 
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Nitrate of copper is partly but not entirely decomposed by 
alkaline carbonates; for, after their full effect, Berzelius found 
that a precipitate is still occasioned by adding water impreg- 
nated with sulphureted hydrogen. 

A sub-nitrate of copper is also described by Berzelius (82 
Ann. de Ch. 250.) It may be obtained, either by adding a 
small portion of potassa or ammonia to the solution of the ni- 
trate, or by heating the dry salt gently. It consists of 


Peroxide of copper Dee eats ga OU 
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These proportions are not very remote from 1 atom of 
acid, + 4 atoms of peroxide, + 8 of water. 

Ammoniuret of Copper.—If ammonia be added in excess to 
nitrate of copper, the precipitate, which is first formed, is re- 
dissolved. On this property depends the method of separating 
oxide of copper from other metallic oxides, those of iron for 
instance, which are not soluble by ammonia. 

Peroxide of copper, digested in ammonia, forms a bright 
blue liquid, from which, by careful evaporation, fine blue crys- 
tals may be obtained, called ammoniuret of copper. Protox- 
ide of copper also dissolves in ammonia, and yields a colour- 
less solution, which becomes blue by exposure to the air, in 
consequence of the absorption of oxygen. 

Sulphates.—Copper combines with strong sulphuric acid, at 
a boiling heat, and affords a blue salt, called sulphate of copper. 
In this process, part of the sulphuric acid is decomposed, and 
furnishes oxygen to the metal which is dissolved. It is, there- 
fore, better, in preparing sulphate- of copper, to use the oxide 
obtained by calcining copper scales with free access of air. 
(2) Sulphate of copper is a regularly crystallized salt, soluble 
in four parts of water at 60°. (l) The solution is decomposed 
by pure and carbonated alkalis. The former, however, re- 
dissolve the precipitate. ‘Thus, on adding pure liquid am- 
monia to a solution of sulphate of copper, a precipitate ap- 
pears, which, on a farther addition of the alkali, is re-dissolved, 
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and affords a beautiful bright blue solution. (c) The sulphate 
of copper is decomposed by iron. Ina solution of this salt 
immerse a polished plate of iron. The iron will soon acquire 
a covering of metallic copper. (d@) It gives up its acid on the 
application of heat, without decomposition; and an oxide of 
copper remains in the retort. (e) It is composed, according 
to Proust, with whose analysis a recent one by Dr. Thomson 


exactly agrees, of 
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Exclusive of water of crystallization, Berzelius,* from his 
own analysis, states its composition at 


Peroxide of copper . 50.90 .. 103.66 .. 1 atom 80 
Sulphuric acid .... 49.10 .. 100... 2 atoms 80 


100. 160 


Strictly speaking, therefore, this salt is a Li-su/phate, a name 
which sufficiently designates it, and is preferable to that of d- 
persulphate. 

Proust described a subsulphate of copper, formed by adding 
solution of potassa to a solution of the above sulphate. Ber- 
zelius prepared it by the cautious addition of ammonia, and 
found it, on analysis, to be composed of 


Peroxide of copper.... 80 .... 100 .. 2 atoms 
Sulpharne acid’ .*.. 72.720" S25" SP atom. 


100 
Including its water of composition, the subsulphate con- 


sists of 
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Dr. Thomson has described, also, a guadri-sulphate con- 
sisting of 1 atom of base, + 4 atoms of acid. (Ann. of Phil. 
N.S. 1. 244.) 

No sulphate of the protoxide is yet known; for when sul- 
phuric acid is brought into contact with the protoxide, one 
half of the oxide gives up its oxygen to the other half, which 
thus becomes peroxide, and unites with the sulphuric acid. 

Sulphite of copper may be obtained by transmitting a cur- 
rent of sulphurous acid gas (which has been first passed 
through a small quantity of water, in order to deprive it of 
sulphuric acid) into a vessel containing water and peroxide of 
copper. <A green liquid is formed, which contains sulphite 
of copper, with a large excess of acid; and sulphite of copper, 
in very small red crystals, remains at the bottom of the vessel. 
This salt has been investigated by Chevreu!,* and found to 
consist of 


Protoxide’of copper wii OV oe FPS. 84 
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Copper exposed to a damp air rusts, and becomes covered 
with carbonate of copper. ‘The same compound is still more 
readily produced by adding carbonated alkalis to the solu- 
tions of copper. The nitrate of copper, precipitated by car- 
bonate of lime, affords a blue precipitate, called Verditer. This 
substance is nearly ailied to the native blue carbonate in the 
nature and proportion of its ingredients. Verditer consists of 


NV AER ii Gt tie cdu eae ees Bese OO 
CamDOMmceOd coc Mt tases tbe lo ee s Cel 
Peroxide OLCOMNel ga dy's ocx se ons O1-0 
Moisture and impurities .......... Q4 


100. 


Berzelius observes that sub-carbonate of copper differs 
greatly in appearance, when precipitated from a cold and from 
a hot solution. In the latter case, its colour is yellowish 


* 88 Ann, de Chim. 181. ¢ Quarterly Journal, iv. 279. 
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green ; in the former, it is bluish green, and much more 
bulky. It is composed of 
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From the analysis of Mr. R. Phillips, this appears, also, to 
be very nearly the composition of the native green carbonate 
of copper (malachite) which he found to consist of 72.2 per- 
oxide, 18.5 acid, and 9.3 water. 

Phosphorie acid unites with peroxide of copper in two pro- 
portions. Ifsolutions of phosphate of soda and sulphate of 
copper be mingled together, a bluish green precipitate is 
formed, consisting of 


1 atom of peroxide of copper.... 80 ..+++- 55.35 
2 atoms of phosphoric acid...... 56 ...... 38.40 
| atom of water eeseeeteeeteeve2eese 2 ® 9 eae — ° 6.25 


145 100. 
It is therefore a Li-phosphaie. The phosphate has not yet been 


-formed artificially, but it has been found native in a white 
quartz rock.* It is of an emerald green colour, and is not 
crystallized. Its analysis afforded results very nearly agreeing 
with 

1 atom of peroxide of copper..++ 80 .+.+¢4 63.59 
1 atom of phosphoric acid ...... 28 s+... 22.08 
2 atoms of water ....eeeeereees 18 aeevee 14.38 


ee 
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When corroded by long continued exposure to the fumes of 
acetic acid, copper is converted into verdegris.—The verdegris 
of commerce is composed partly of a salt, soluble in water, and 
partly of a light green powder, which is not soluble in water., 
By the solution of verdegris in distilled vinegar and evapora-) 


ee et Ea 


* Ann. of Phil. N.S, iil, 182. 
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tion, a salt is obtained in regular crystals. These crystals 
have been analyzed PY Mr. Richard Phillips, and shown to 
consist of 


2 atoms of acetic acid .. 50 X 2 = 100 


1 atom of peroxide of copper.... = 80 
3 atoms of water.....«eo> O's f= g7 
. iene ere’ 
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A previous analysis by Dr. Ure had already given the same 


results, except in assigning two atoms only of water, and 
a different equivalent for acetic acid. Both concur in showing 
that the salt is strictly a linacetate, and by that name it is 
proper to designate it. (Ann. of Phil. N.S. i. 418, i. 21). 

Binacetate of copper forms large and beautiful crystals. It 
is soluble in 20 parts of water at 60°, or in five parts at 212°. 
When distilled per se, it yields concentrated acetic acid, which 
may be purified by a second distillation ; and in the retort a 
compound is left of charcoal and oxide of copper, which some- 
times kindles spontaneously like pyrophorus. When this sub- 
stance is calcined with free access of air, it becomes peroxide. 

Verdegris, from the recent experiments of Mr. Phillips,* 
appears to consist essentially of very minute blue crystals 
which are composed of 
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In verdegris, when dried for sale, the same relative propor- 
tion of acid and base exist, but the water is reduced to 25 


# Ann. of Phil. N.S. iv. 161. 
VOL. II. H 
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parts, or a little more, in 100; and there is a quantity of inso- 
luble impurity varying from 0.5 to 2 per cent, 

The blue crystals, found in verdegris, are, therefore, a true 
acetate of copper, consisting of an atom of acid + 1 atom of 
peroxide. When acted upon by water, they are decomposed ; 
a green insoluble powder is obtained, which is a real swbace- 
tate, constituted of 1 atom of acid + 2 of peroxide. The 
blue solution contains a binacetate. Three distinct com- 
pounds, therefore, exist of acetic acid and peroxide of coppers 
the subacetate, acetate, and binacetate. 


The subacetate constituted of 1 atom acid + 2 base, 
acetate....eeeeeeee.- 1 atom acid + 1 base, 
binacetate ......+.++.. 2 atomsacid + 1 base. 


When the muriate of copper is mixed with a solution of 
ferro-cyanate of potassa or of lime, a beautiful reddish brown 
precipitate of ferro-cyanate of copper is obtained, which has 
been recommended by Mr. Hatchett asa pigment. ‘Tincture 
of galls throws down, from all the solutions of copper, a dull 
yellow precipitate. 

IV. Sulphuret.— Copper combines with sulphur in two 
proportions. When a mixture of three parts of the metal, in 
the state of fine filings, with one part ofsulphur, is melted in a 
glass tube, at the moment of combination, a_ brilliant inflam- 
mation ensues, exceeding in brightness that preduced by the 
fusion of iron and sulphur. 

Copper leaf, Berzelius observes,* burns in gaseous sulphur, 
as brilliantly as iron wire in oxygen gas. A compound is 
formed, precisely analogous to the native black sulphuret of 
copper, or copper-glance. It is a proto-sulphuret, and consists 
of | 7 

Copper .... 80 .... 100, or 1 atom = 64 
Sulphur .... 20 .... 25,or1 atom = 16 
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. 79 Ann. de Chim. 250. See also Vauquelin on the Artificial Sulphuret 
of Copper, Ixxx. 265. Berzelius states that 100 metal combine with 25.6 
sulphur. 
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- Beside this, there is also a per-sulphuret or bi-sulphuret, 
which forms the principal ingredient of hee copper pyeites. 
It consists of 


Copper .... 66.66 ....100, orl atom = 64 
SIDE «1 ae 95,54 46 +09 90> OF 4 atoms == 32 


100. 96 


_V. Copper unites, by fusion, with phosphorus. The phos- 
phuret is white, brittle, and of the specific gravity 7.122. The 
analysis of Pelletier gives 20 of phosphorus to 100 metal, which 
nearly agrees with 1 atom of phosphorus, + 1 atom of cop- 
per. 

VI. Alloys.—Copper combines readily with most of the 
metals, and affords several compounds, which are of great use 
in the common arts of life. Chinese tutenag, is a white alloy 
of copper, zinc, iron, and nickel, obtained probably from a 
compound ore of those metals. (Edinb. Phil. Journ. vii. 70.) 
Copper, with about a fourth its weight of lead, forms pot-metal ; 
with about the same proportion of zinc, or a little more, it 
composes brass, the most useful ofall its alloys. Mixtures of 
zinc and copper form, also, the various compounds of Tomlbac, 
_ Dutch Gold, Similor, Prince Rupert’s Metal, Pinchlbeck, &c. 
Copper with tin, and sometimes a little zinc, forms lronze and 
bell-metal, or gun-metal. And when the tin is nearly one- 
third of the alloy, it is beautifully white and takes a high po- 
lish. It is then called speculum-metal. (Nicholson’s Journ. 
4to. ili. 490.) Copper may, also, be alloyed with iron; but 
the compound has no useful properties.* 

Respecting the alloys of copper, much valuable information 
may be found in the 4th volume of Bishop Watson’s Chemical 
Essays, and in Aikin’s Dictionary of Chemistry, articles 
_ Brass, &c. From a recent investigation of them, the results 
of which are not yet published, Mr. Dalton finds that into all 
the alloys of copper which are characterized by useful pro- 
perties, the ingredients enter in atomic proportions; and it is 


* 49 Philos. Magazine, 107. 
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probable that by attention to these proportions, the manufac- 
ture of the artificial alloys may be greatly improved. 

Most of the copper of commerce is obtained from. copper 
pyrites, or yellow copper ore, which is a compound of sulphur, 
iron, and copper, in such proportions, as render it probable 
that it is composed of two atoms of proto-sulphuret of iron, 
and one atom of per-sulphuret of eopper with a little arsenic 
and earthy matter.* The sulphur and arsenic are separated 
by roasting; and the copper is obtained by repeated fusions, 
in some of which an addition of charcoal is made. 


i 
SECTION XXXI. 


Tellurium. 


2 


I. TELLURIUM was discovered by Klaproth,+ in an ore of 
gold. His process for extracting it consists in the solution 
of the ore by nitro-muriatic acid, dilution with water, and the 
addition of pure potassa, which throws down all the metals 
that are present; and, when added in excess, re-dissolves a 
white precipitate, which if at first occasions. ‘To the alkaline 
solution, muriatic acid is then added; a precipitate again ap- 
pears; and this, when dried, and heated with one twelfth its 
weight of charcoal, or with a small quantity of oil, in a glass 
retort, yields tellurium, in the form of small brilliant metallic: 
drops, lining the upper part of the body of the retort.—One 
hundred parts of the ore yield above 90 of tellurium. 

II. 1. The colour of this metal is tin-white, verging to lead- 
grey; it has considerable lustre, and a foliated or scaly frac- 
ture. It is very brittle; is fusible at a temperature below 
ignition; and, excepting osmium and quicksilver, is the 
most volatile of all metals. It is the lightest of the metals, 
the bases of the alkalis and earths excepted, having the spe- 
cific gravity of only 6.185. 

2. It is oxidized when heated in contact with air; and 


* R. Phillips, Ann. of Phil. N.S. ii. 301. + Contributions, 1. 1. 
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burns with a sky-blue flame, edged with green. Upon char- 
coal, before the blow-pipe, it inflames with a violence re- 
sembling detonation; exhibitsa vivid flame; and entirely flies 
off in a grey smoke, having a peculiarly nauseous smell. This 
smoke, when condensed, and examined in quantity, is found 
to be white with a tint of yellow. It is fusible by a strong 
heat, and volatile at a still higher temperature. It not only 
unites as a base with acids, but also itself possesses the cha- 
racter of an acid, and forms a class of salts, which may be 
called tellurates. It is composed, according to Klaproth, of 
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Berzelius, however, determines the quantity of oxygen, 
absorbed by 100 of tellurium, when changed into oxide, to 
be 27.83. If this result be correct, and the compound be the 
protoxide, the atom of tellurium should weigh 29; but the 
determination of Klaproth would make it 39. Results so dis- 
cordant show the necessity of farther investigation. 

3. Tellurium is soluble in nitric and nitro-muriatic acids. 
The saturated solution is decomposed by the mere addition of 
water, which throws down a white powder; but this is again 
dissolved on adding more water. Chlorine unites with tellu- 
rium, and forms a white semi-transparent compound, which 
is decomposed when added to water. It consists, according 
to Sir H. Davy, of 100 tellurium united with 90.5 chlorine. 
From its solutions it is precipitated in a metallic form, by 
iron, zinc, tin, and even by muriate of tin. Carbonated and 
pure alkalis precipitate the telluric oxide united with water, 
in the form of a white hydrate; and the oxide is re-dissolved 
by an excess of alkali or carbonate. Alkaline sulphurets throw 
down a dark brown or blackish precipitate. ‘Tincture of galls 
produces a flocculent yellow precipitate. The solutions of this 
metal in acids are not decomposed by prussiate of potassa; a 
property which tellurium possesses in common with gold, pla- 
tinum, iridium, osmium, rhodium, and antimony. 

Tellurium forms two distinct compounds with hydrogen, the 
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one of which is solid and the other gaseous. Ist. By making 
tellurium the negative surface in water, in the Galvanic circuit, 
a brown powder is formed, which is a solid hydruret of tellu- 
rium. 2dly. By acting with dilute sulphuric acid, upon the alloy 
of tellurium and potassium (which may be obtained by heating 
a mixture of solid hydrate of potassa, tellurium, and charcoal), 
we obtain a peculiar gas. This gas has a smell resembling 
that of sulphureted hydrogen. It is absorbed by water, and 
a claret-coloured solution results, which, by exposure to the 
air, becomes brown, and deposits tellurium. After being 
washed with a small quantity of water, it does not affect vege- 
table blue colours. It burns with a bluish flame, depositing 
oxide of tellurium. It unites with alkalis; precipitates most 
metallic solutions; and is instanily decomposed by chlorine 
gas. It may be called ¢ellureted hydrogen gas. According to 
Berzelius, it is constituted of 100 parts of tellurium with a 
little less than two parts of hydrogen. 


SS 
SECTION XXXII. 


Lead. 


To obtain lead in a state of purity, Berzelius dissolved it in 
nitric acid, and crystallized the salt several times, till the 
mother liquor, on adding carbonate of ammonia, gave no traces 
of copper. The pure nitrate of lead, mixed with charcoal, 
was strongly heated in a Hessian crucible; and the lead, which 
separated, was kept some time in a state of fusion, in order 
to free it entirely from charcoal. The lead, thus obtained, 
when redissolved in nitric acid, gave no trace of any other 
metal. ' 

Lead has a bluish white colour; and, when recently cut or 
melted, exhibits considerable lustre, which soon, however, 
tarnishes. Tis specific gravity is 11.352. Its malleability is: 
sufficient to allow of its being beaten into very thin leaves ; and 
it may be drawn into wire, which has less tenacity, however, 
that that of most other metals. | 

The melting point of lead, according to Morveau, is 590° 

6 | 
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Fahrenheit ; but according to Mr. Crichton of Glasgow it is 
612°. Exposed to a red heat, with free access of air, it smokes 
and sublimes, and gives a grey oxide, which collects on sur- 
rounding cold bodies. It is slowly oxidized, also, by exposure 
to the atmosphere at common temperatures ; and more rapidly, 
when exposed alternately to the action of air and water. 

1. Oxides of Lead.—Lead appears to be susceptible of form- 
ing three distinct oxides. 1. The yellow protoxide may be ob- 
tained by decomposing nitrate of lead with carbonate of soda, 
and igniting the precipitate, or by heating the nitrate to red- 
ness in a close vessel. This oxide is tasteless, insoluble in 
water, but soluble in potassa and in acids. When heated, it 
forms a yellow semi-transparent glass, called litharge, which 
is, to a considerable degree, volatile at a red heat. Another 
form of the yellow oxide is that which is known in commerce 
by the name of massicot. 

The yellow or protoxide of lead has been investigated by 
Proust, Thomson, and Berzelius;* and its composition, as 
determined by the last-mentioned chemist, is 
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2. The second, or deutoxide of lead, may be obtained by 
exposing the protoxide of lead, or the metal itself, to heat, 
with a large surface and a free access of air, for some time, till, 
at length, it is converted into a red oxide, known in commerce 
by the names of minium or red lead. This, however, is an im- 
pure substance, containing sulphate of lead, muriate of lead with 
excess of base, oxide of copper, silex, and a portion of the 
yellow oxide. ‘The protoxide, Berzelius found, may be removed 
by acetic acid, which does not act on the red oxide. Making 
allowance for the other impurities, he determined the com- 


* The numbers lately assigned by Berzelius (Ann. of Phil. xv. 94) differ 
so little from those which follow, that I have thought it unnecessary to 
change them. The protoxide he now makes = 100 lead + 7.725 oxygen. _ 
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position of red oxide of lead, which may be considered as the 
deutoxide, to be 
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When minium is digested with nitric acid, one part of 
it is reduced to the state of yellow oxide, and is dissolved by 
the acid; and the remainder is a brown oxide, contaminated 
(if impure minium has been used) with the substances which 
have been mentioned. ‘This oxide may be procured, also, by 
passing a current of chlorine gas through water, in which 
the red oxide is kept suspended, and by precipitating with 
caustic potassa, and drying the oxide. It is of a flea or puce 
colour; very fine and light in its texture; and insoluble in 
nitric acid. When strongly heated, it gives out 3 or 4 per 
cent of oxygen gas, and is converted into yellow oxide. It 
consists, according to Berzelius, of 
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On comparing the quantities of oxygen united with 100 
parts of lead, in these three oxides, we shall find that the 
numbers 7.7, 11.08, and 15.6, are very nearly in the propor- 
tion of 1, 13, and 2. If, therefore, we multiply these last 
numbers by 2, we shall have the oxygen, in the three oxides 
of lead, represented by 2, 3, and 4. This view of the subject 
renders it probable, that there may exist an oxide of lead, with 
less oxygen than any at present known; but the notion is not 
countenanced by the composition of the sulphuret. 

The yellow oxide of lead, when precipitated by pure al- 
kalis from its compounds, forms a white hydrate, the compo- 
sition of which is not exactly known. 

The oxides of lead are easily vitrified, and have the pro- 
perty of uniting with all the metals except gold and silver. 
Hence gold or silver may be purified by melting them with 
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lead. The lead becomes first oxidized and then vitrified, and 
sinks into the cupel, carrying along with it all the baser me- 
tals, and leaving the gold or silver on the surface of the cupel. 
The quantity of lead required for silver of various degrees of 
fineness may be learned from a memoir of D’Arcet, in the 
first volume of Annales de Chim. et de Physique. 

The oxides of lead give up their oxygen on the application 
of heat. When distilled in an earthen retort, they aflord 
oxygen gas; and still more readily when distilled with con- 
centrated sulphuric acid. ‘They are also reduced, by being 
ignited with combustible matter. Thus, when a mixture of 
red oxide of lead and charcoal is ignited in a crucible, a button 
of metallic lead will be found at the bottom of the vessel. 
Mere trituration of the peroxide in a mortar with a little sul- 
phur, and the subsequent addition of a small bit of phosphorus, 
occasions a violent explosion.* 

Pure water has no action on lead; but it takes up a 
small proportion of the oxide of that metal. When left in 
contact with water, with the access of atmospherical air, lead 
soon becomes oxidized and dissolved, especially if agitation 
be used. Hence the danger of leaden pipes and vessels for 
containing water, which is intended to be drunk. Water ap- 
pears also to act more readily on lead, when impregnated with 
the neutral salts that are occasionally present in spring water.+ 

II. Chloride of Lead.— When 30 grains of lead, reduced to 
fine filings, are thrown into 60 cubic inches of chlorine yas 
moderately warmed, the metal burns with a clear white flame 
accompanied with sparks. ‘The combination of lead and chlo- 
rine may, however, be more easily effected, by precipitating 
the nitrate or any soluble salt of lead with a solution of. 
common salt, and washing the precipitate with a sufficient 
quantity of water. It has a sweet taste, and is soluble in 22 
parts of water at 60°, and also in diluted nitric acid. When 
dry, it is fusible, at a heat below redness, into a semi-transpa- 
‘rent substance of the consistence of horn, from whence it has 


* Thomson’s Annals, ix. 31. 
+ On the presence of lead in water, consult Dr. Lambe’s “ Researches 


respecting Spring Water,” (8vo. London. Johnson) and also Guyton, 
26 Nich. Journ. 102. 
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been called horn bead or plumblum corneum. By an intense 
heat it is volatilized. It has been analyzed by Berzelius, who 
states it to consist of 100 muriatic acid + 409.06 protoxide 
of lead, equivalent to 380.06 metallic lead + 129 chlorine. 
Dr. John Davy found it to be composed of 
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It is the only compound of lead and chlorine that is known, 
and it is constituted of 1 atom of each of its elements. 

When two parts of the red oxide of lead are made into 
a paste with one of muriate of soda, and water added occa- 
sionally as the mixture hardens, soda is disengaged, and a 
subl-chloride of lead is formed mixed with oxide of lead. This, 
on fusion, affords the fine yellow pigment called mineral or 
patent yellow. The disengaged soda attracts carbonic acid 
from the atmosphere, but not enough to convert it into a 
carbonate. In the large way, it is found necessary to supply 
carbonic acid to the soda thus formed, by burning it with saw- 
dust. By this process, a large quantity of soda was extracted 
from common salt, till cheaper methods were discovered. 

III. lodide of lead may be prepared either by the direct 
combination of iodine with lead, or by precipitating nitrate of 
lead with hydriodic acid, and heating the precipitate. It is 
constituted of 1 atom of iodine = 126 + 1 atom of lead = 
104, together 230. 

Iodate of lead is thrown down in an insoluble state when 
iodate of potassa is added to nitrate of lead. 


III. Salts of Lead. 


Sulphuric acid has no action on lead, except when con- 
centrated and at a boiling temperature. It is then decom- 
posed, and sulphurous acid is formed. The insolubility 
of lead in sulphuric acid occasions its being employed as 
the material for constructing the chambers in which that 
acid is prepared, and even for boiling down the weak acid. 
Sulphate of lead, however, may be formed, either by adding 
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sulphuric acid, or still better, sulphate of soda, to any of the 
salts of lead. Its insolubility both in water and in nitric acid 
renders its formation of use as a step in mineral analyses, and 
hence it is necessary to know its exact composition, which is 
stated by Berzelius as follows :— 


Sulphuric acid.. 26.34....100....l atom = 40 
Nellow oxide... . 73.66 «0.1. 279m«s. 1do...-= 112 
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If the whole oxygen in the sulphate of lead be supposed to 
be divided into four parts, one of these, it is remarked, by 
Berzelius, is combined with the lead, and three with the sul- 
phur. In the sulphite, one third of the oxygen is united with 
the lead, and two thirds with the sulphur. 

Sulphite of lead may be formed by the direct action of sul- 
phurous acid on the protoxide, or by mingling solutions of 
nitrate of lead and sulphite of potassa. It is white, insoluble, 
and tasteless, and gives sulphurous acid when heated. It 
consists of 1 atom of base = 112 + 1 atom of acid = $2. 

Nitrate of Lead.—Nitric acid, a little diluted, dissolves lead, 
with the extrication of nitrous gas. If the acid be in small 
quantity, a sub-nitrate is formed, which becomes soluble on 
adding more acid. A small portion remains undissolved, 
which Dr. Thomson finds to be oxide of antimony with a 
little silica. ‘The solution is not decomposed when poured 
into water. By evaporation, it yields large regular tetrahe- 
dral or octohedral crystals, which are soluble in about 7+ parts 
of boiling water. They contain no water of crystallization, 
and consist, according to Berzelius, of 
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Chevreul erroneously considers this salt as a super-nitrate,* 
and describes a scaly salt. as the neutral nitrate, which is in 
fact a sub-nitrate, consisting of 


* 4 Thomson’s Annals, 101. 
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Nitric acid ......19:86.....100..] atom = 54 
Yellow oxide .... 80.14.... 403..2 do. 
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By boiling 4 parts of the nitrate, and 6 of lead, with 350 
parts of water, for 14 hours, Chevreul obtained a liquid, 
whiclr yielded two sorts of crystals; the one, in the form of 
plates, a niirite; and the other, in the shape of needles, a 
sub-nitrite. The nitrite was little soluble in cold water, and 
boiling water dissolved only about a tenth of its weight. It 
was decomposed by all the acids that were tried. Its con- 
stituents are 
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The sub-nitrite crystallized in needles, of which 100 parts 
of boiling water dissolved about three parts, and retained one, 
when cooled down to 78° Fahrenheit. It consisted of 
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Carbonate of Lead.—Carbonic acid may be made to com- 
bine with protoxide of lead, by precipitating the nitrate of 
lead with carbonate of soda, or by long exposure of thin sheets 
ef lead to. the vapour of vinegar. In. the latter case, we ob- 
tain the carbonate of lead or common white lead, which Berg- 
man has shown to contain no acetic acid, though made by its 
imtervention. According to Berzelius, it consists of 


Carbonic acid .. 16.5.4... 100... .. 1 atom =" 22 
Oxide of lead .. 83.5 .... 506.82 .... 1 ditto = 1192. 
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Acetate and Sub-acetate.—When carbonate of lead is dis- 
solved in distilled vinegar, and the solution crystallized, we 
obtain a salt of great utility in the arts, the super acetate, or, 
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more properly, acetate of lead, long known, from its sweet 
taste, under the name of sugar of lead. 

It is in the form of small shining needle-shaped crystals, 
which are almost equally soluble in hot and in cold water, viz. 
to about one-fourth the weight of the fluid. ‘The solution is 
decomposed by mere exposure to the air, the carbonic acid 
attracting the lead, and forming an insoluble carbonate. It 
is decomposed, also, by the carbonates and sulphates of 
alkalis. 

Acetate of lead consists, according to the experiments of 
Berzelius, of 
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~ By boiling in water a solution of 100 parts of acetate of lead 
and 150 of finely pulverized litharge, the acetate passes to the 
state of sub-acetate. The taste of this salt is less sweet; it is 
Jess soluble in water, and crystallizes in plates. It is com- 
posed, according to Berzelius, of 
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The oxide in the sub-acetate, is, therefore, from experiment, 
so nearly three times that contained in the acetate, that we 
may consider the deviation as arising from sources of error 
almost unavoidable in chemical analysis. 

Phosphate of Lead.—The yellow oxide of lead unites with 
phosphoric acid, either directly, or by mixing the solutions of 
a neutral alkaline phosphate and of nitrate or acetate of lead. 
The compound is insoluble, and is composed, according to 


Dr. Thomson, (Annals of Phil. i. 12.) of 
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IV. Sulphuret of Lead.—All the solutions of lead are de- 
composed by sulphureted hydrogen and by alkaline hydro- 
sulphurets, and a hydro-sulphureted oxide is thrown down. 
Hence these compounds are excellent tests of the presence of 
lead in wine or any other liquor, discovering it by a dark-co- 
loured precipitate. Hence, also, characters traced with so- 
lution of acetate of lead, become legible when exposed to sul- 
phureted hydrogen gas. ‘The same property explains, too, the 
effect of alkaline hydro-sulphurets in blackening the glass 
bottles in which they are kept. The effect is owing to the 
action of the sulphureted hydrogen on the oxide of lead which 
all white glass contains, 

Lead unites also in its metallic state with sulphur; and con- 
stitutes a native compound of a blue colour with considerable 
brilliancy called galena, which is the source of almost all the 
lead of commerce. ‘This compound may, also, be formed ar- 
tificially. It is remarked by Berzelius that the sulphur aud 
lead, which it contains, are in such proportions, that when 
both are combined with oxygen, and converted, the one into 
sulphuric acid, and the other into yellow oxide of lead, the 
acid and oxide exactly saturate each other. These propor- 
tions he found to be 
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It consists, therefore, of one atom of lead = 104 + 1 atom 
of sulphur = 16; and, as the atom of sulphur is double the 
weight of that of oxygen, we obtain a confirmation of the pro- 
portions already assigned to the protoxide of lead. 

The alloys of lead are described in other sections of this 
chapter. 
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METALS, THE OXIDES OF WHICH ARE REDUCIBLE BY 
HEAT ALONE. 


SECTION XXXIII. 
Mercury. 


Mercury, or quicksilver, is the only one ofthe metals, that 
retains a fluid form at the ordinary temperature of the at- 
mosphere. 

When its temperature is reduced to about 39° or 40° below 
zero of Fahrenheit, it becomes a solid. ‘This is a degree of 
cold, however, that occurs only in high northern latitudes: 
in this country quicksilver can only be exhibited in a solid 
state by means of artificial mixtures. By congelation it ac- 
quires an increase of specific gravity ; and, therefore, unlike 
other metals, the congealed portion sinks to the bottom of a 
fluid mass of mercury. Its specific gravity, at 47° above 0 
of Fahrenheit, being 13.545, it was found increased by con- 
gelation, in an experiment of Mr. Biddle, to 15.612, or about 
one-seventh. 

At about 660° of Fahrenheit, 656° according to Creighton, 
680° according to Petit and Dulong, or 662°, measured by 
a true thermometer, mercury boils, and is changed into va- 
pour. Hence it may be driven over by distillation, and may 
thus be purified, though not accurately, from the admixture 
of other metals. When its temperature is considerably in- 
creased above this point, the vapour acquires great expan- 
sive force, and the power of bursting the strongest vessels, 

I. Oxides of Mercury.—Mercury is not oxidized, when 
pure, at the ordinary temperature of the atmosphere; but 
preserves the lustre of its surface unchanged for a considerable 
time. ‘There are several methods, lowers. by which it may 
be brought to combine with oxygen. _ 

(a) Mercury is oxidized by long continued agitation in a 
bottle half filled with eereal air, and is converted into 
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a black powder to which Boerhaave gave the name of ethiops 
per se. In this the oxide is mixed, however, with much me- 
tallic mercury. When the black oxide (which may be ob- 
tained, with less trouble, by decomposing calomel with an 
excess of solution of potassa), is distilled in a glass retort, oxy- 
gen gas is evolved; or, if a moderate heat be long continued, 
it acquires a reddish colour, and a stillfarther dose of oxygen. 

The protoxide of mercury, it is asserted by Guibourt, can- 
not be obtained perfectly pure; for when either pro-nitrate or 
protochloride of mercury is decomposed by potassa, the pre- 
cipitate, even. when excluded from air, contains peroxide of 
mercury and small globules of metal, the latter of which are 
discoverable by a magnifier. Nor can it be procured by tri- 
turating the peroxide with metallic mercury.* - 

(L) Another oxide of mercury is obtained by exposing the 
fluid metal, for several days, to nearly its boiling temperature, 
in a flat glass vessel, into which air is freely admitted. After 
a sufficient length of time, small flaky crystals form on its sur- 
face, of a brownish red, or flea colour. ‘This red oxide was 
formerly called precipitate per se. When distilled alone in 
a glass retort, it yields oxygen gas, and returns to a metallic 
state. It is composed, according to Fourcroy and Thenard, 
of 100 metal and 8 of oxygen. Sir H. Davy, also, finds its 
oxygen to be exactly double that of the protoxide, which, 
from his experiments, is composed of 190 mercury, and 7.5 
oxygen, while the peroxide consists of 190 metal and 15 
oxygen. Hence the protoxide is composed of — 
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And the peroxide of 
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* 6 Ann. de Chim. et Phys. ii. 422. 
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Mr. Donovan finds that 100 parts of mercury take, to form 
black oxide, 4.12 of oxygen; and, to form red oxide, 7.82. 
But the two last numbers, not being strictly coincident with 
the law of multiple proportions, one of them must be er- 
‘roneous. Admitting the red oxide to consist of 7.82, for every 
100 grains of mercury, the black must consist of 100 + 8.91. 
It will, perhaps, be sufficiently near the truth, if we admit, 
with Dr. Wollaston, that, according to the original determi- 
nation of Fourcroy and ‘Thenard, confirmed by the recent ex- 
periments of Sefstrom,* the black oxide consists of 100 metal, 
united with 4 of oxygen, and the red of 100 mercury + 8 
oxygen. ‘The latter number agrees also with the experiments 
of Guibourt; and the oxygen in the protoxide, though, from 
his analysis, it appeared to amount to 42 oxygen upon 100 mer- 
cury, may be safely taken at half that in the peroxide. This 
would make the atom of mercury to weigh 200, for 
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Peroxide of mercury, Guibourt finds, is decomposed by 
long continued exposure to light. It is soluble in water, and 
communicates to it the property of turning syrup of violets 
green, and of being precipitated by sulphureted hydrogen. 
With ammonia, the peroxide forms an ammoniuret of mercury, 
decomposable by heat. 

Chlorides of Mercury.— Mercury unites easily with chlorine, 
and if heated in that gas, burns with a pale red flame. The 
product is identical with the salt called corrosive sublimate, 
which in fact is a chloride of mercury, and is termed ‘er- 
chloride or bi-chloride to distinguish it from calomel, another 
compound of the same elements in different proportions. 
According to the experiments of Sir H. Davy, corrosive sub- 
limate is constituted of 190 mercury + 67.0 chlorine, or it 
consists of 1 atom of mercury = 200 + 2 atoms of chlorine = 
72, or of : 
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* Ann, of Phil. N. S. ii. 126, 
VOL, IJ. I 
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When the perchloride is accurately mixed with about half 
its weight of metallic quicksilver and sublimed, we obtain a 
compound of chlorine and mercury, called prolo-chloride of 
anercury or calomel, a substance long used, and of great im- 
portance in medicine. It is constituted of one atom of mer- 
cury = 200 + one atom of chlorine = 36, or of 
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Corrosive sublimate and calomel are not, however, prepared 
for use by the direct combination of chlorine and mercury, 
but by a method which will be described in speaking of the 
sulphate of mercury. | 

Bi-chloride of mercury is a white semi-transparent mass, im- 
perfectly crystallized. Its specifie gravity is 5.2. Light has 
no action on it in its solid form. It has an acrid and nauseous 
taste, and leaves in the mouth a permanent metallic flavour. 
It isa violent poison. Water at 60° Fahr. dissolves rather 
more than oné-twentieth of its weight. The solution is de- 
composed by light, and calomel is formed. Alcohol, sp. gr. 
.816, takes up half its weight, and acquires the specific gravity 
1.08. Ether, sp. er. .745, dissolves one-third of its weight, and 
the solution has the same specific gravity as that effected by 
alcohol. Muriatic acid, sp. gr. 1.158, at 70°. Fahr. takes up 
twice its weight of corrosive sublimate, and the solution is of 
specific gravity 2.412; but, on lowering its temperature a few 
degrees, it suddenly becomes solid. From Dr. Davy’s ex- 
periments (Phil. Trans. 1822), corrosive sublimate appears not 
to be soluble in the sulphuric or nitric acids. It is capable of 
uniting, and forming a double salt, with muriates of ammo- 
nia, potassa, soda, baryta, and magnesia, all of which greatly 
increase its solubility; and the solutions by these menstrua, 
as well as by alcohol and ether, Dr. Davy finds, undergo no 
change by exposure to the light. From the watery solution, 
alkalis throw down peroxide of mercury, first as an orange, 
and afterwards as a brick-red preeipitate. 

Proto-chloride of mercury (calomel) is white, crystalline, and 
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very heavy, its specific gravity being 7.2. It is tasteless, and 
nearly insoluble, and may be taken in doses of several grains, 
without any effect but that of a purgative. When amass of 
it is scratched, it gives a yellow streak, which is not the case 
with the perchloride; and when very finely powdered, it has a 
light buff colour. 

When a very small quantity of calomel (about 10 gr.) is 
well triturated with a little water, and then with a considerable 
quantity of liquid potassa, poured on it at once, an intensely 
black precipitate is obtained, which, when dried at a gentle 
heat, and rubbed in a mortar, affords about one-fourth its 
weight of revived mercury. ‘The remainder is the protoxide 
already described. 


Salts of. Mercury. 


V. Sulphate—Mercury is dissolved by hot and concen- 
trated sulphuric acid. ‘Two parts of sulphuric acid and one 
of mercury are the proportions generally used ; and as strong 
sulphuric acid acts but little on iron, the combination may be 
made in an iron vessel. Part of the redundant acid may be 
expelled by heat; but still the salt retains a considerable ex- 
cess of acid, and may be considered as per-sulphate of mer- 
cury. Itis very difficult of solution, requiring 155 parts of 
cold or 33 of boiling water. By repeated washings with cold 
water, the whole excess of acid may be removed, and the salt 
is reduced to a sulphate, and rendered much less soluble. The 
per-sulphate is constituted of 1 atom of peroxide + 2 atoms 
of acid; the sulphate of 1 atom of each ingredient. 

When the per-sulphate is heated for some time, at a 
temperature exceeding that of boiling water, it loses still 
more acid, and is changed into a hard grey mass. When 
this is removed from the fire, and boiling water poured upon 
it, a lemon-yellow coloured powder is formed, called Turbith 
Mineral. ‘This substance requires for solution 2000 times its 
~ weight of water. One hundred parts consist of 10 sulphuric 
acid, 76 mercury, 11 oxygen, and 3 water. 

The principal tise of sulphate of mercury is in the forma- 
tion of corrosive sublimate and calomel. The following me- 
thods of preparing these compounds have been described by 
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Mr. Brande: For corrosive sublimate, 50 pounds of mercury 
are boiled to dryness in a cast iron pan with 70 pounds of sul- 
phuric acid; 73 pounds of super-sulphate of mercury are 
thus formed, which being perfectly mixed with 120 lbs. of 
muriate of soda and sublimed, yield from 63 to 65 Ibs. of 
corrosive sublimate. : 

To form calomel, 50 Ibs. of mercury are boiled with 70 lbs. 
of sulphuric acid to dryness: 62 ibs. of the dry salt are tritu- 
rated with 401 pounds of mercury until the globules disappear, 
and 34 lbs. of common salt are then added. The mixture is 
submitted to heat in earthen vessels, and from 95 to 100 lbs. 
of calomel are the result. This is first to be ground to a fine 
and impalpable powder, and then washed with large quantities 
of distilled water. (Manual, vol. ii.) 

Chlorates of Mercury.—The oxides of mercury dissolve in 
chloric acid. The salt formed with the peroxide is the most 
soluble. When heated, both give out oxygen gas, and are 
converted into peroxide of mercury and corrosive sublimate. 
(Vauquelin, Ann. de Chim. xev. 103.) 

Mercury and Iodine—There are two compounds of these~ 
bodies, which may be formed either by gently heating mercury 
with iodine, or by mixing solutions of mercury with hydriodic 
acid. Both are insoluble. The prot-iodide, consisting of 1 
atom of mercury + 1 of iodine, is yellow. The deut-iodide, 
consisting of 1 mercury + 2 iodine, has a red colour. 

Mercury and Cyanogen.—Cyanide of mercury may be pre- 
pared by boiling in a mattras eight parts of water, two of finely 
powdered prussian blue, and one of peroxide of mercury. 
When the liquid assumes a yellow colour, it is to be filtered, 
and the cyanide of mercury is deposited in a crystallized form 
on cooling. By repeated evaporation and cooling, all the 
cyanide that is capable of crystallizing, will be separated, 
mingled however with some oxide of iron. ‘To purify it, 
Proust recommends that it be re-dissolved; boiled with an 
excess of oxide of mercury; and again filtered. The liquid 
retains an excess of the oxide, which may be saturated by 
adding hydro-cyanic acid, for the oxygen instantly passes to 
the hydrogen of the acid, and the cyanogen to the mercury. 
The cyanide may now be crystallized again; and, if intended 
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for the preparation of cyanogen, it must be thoroughly dried, 
avoiding however more heat than is absolutely necessary. 

Nitrate of Mercury.—The nitric acid diluted with three 
parts of water dissolves mercury, both with and without the 
assistance of heat. At the common temperature, but little 
nitrous gas is evolved; and the acid becomes slowly saturated. 
The solution is very ponderous and colourless; and yields, by 
evaporation, large transparent crystals of pro-nitrate of mer- 
cury. The solution does not become milky when mingled 
with water. Pure fixed alkalis give a yellowish white preci- 
pitate; and ammonia a greyish black one. 

But if heat be used, and the acid be less diluted, a brisk 
effervescence arises, occasioned by the escape of nitrous gas, 
and a solution is obtained, in which the metal is more highly 
oxidated, constituting per-nitrate of mercury. When this so- 

ution is poured into cold water, a yellowish white sediment 
is formed; or, if into boiling water, an orange coloured one. 
Both precipitates consist of nitric acid, with a great excess of 
oxide, forming an insoluble swb-pernitrate of mercury ; while 
a super salt remains in solution. 

If the last-mentioned solution be boiled with a fresh quan- 
tity of mercury, the newly added metal is taken up, without 
any discharge of nitrous gas, the metal becoming oxidized at 
the expence of that already dissolved. 

When the nitrate of mercury is exposed to a heat gradually 
raised to 600° or upwards, it is deprived of water and of most 
of its acid, and reduced to an oxide, which has the form of 
brilliant red scales. This substance, commonly called red 
precipitate, is termed more properly the xilroxide of mercury 5 
because it still contains a small proportion of acid. 

Fulminaiing Mercury.-Mercury is the basis of a fulmi- 
nating compound discovered by the late Mr. EK. Howard. ‘To 
prepare this powder, 100 grains (or a greater proportional 
quantity, not exceeding 500) are to be dissolved, with heat, in 
a measured ounce and half of nitric acid. The solution being 
poured cold upon two measured ounces of alcohol, previously 
introduced into any convenient glass vessel, a moderate heat 
is to be applied till effervescence is excited. A white fume 
then begins to undulate on the surface of the liquor, and the 
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powder will be gradually precipitated on the cessation of ac- 
tion and re-action. The precipitate is to be immediately col- 
lected on a filter, well washed with distilled water, and cau- 
tiously dried in a heat not exceeding that of a water-bath. 
The immediate washing of the powder is material, because it 
is liable to the re-action of the nitric acid; and while any of 
that acid adheres to it, it is very subject to be decomposed by 
the action of light. From 100 grains of mererry, about 120 
or 130 of the powder are obtained.* This powder has the 
property of detonating loudly in a gentle heat, or by light 
friction. Hence it has been proposed as a means of firing 
ordnance. But an accident described by Professor Silliman, 
as having happened in his laboratory, shows that this fulmi- 
nating compound explodes from such trifling causes, as not to 
be kept without danger, even when secured from friction or 
heat.t 

Sulphurets of Mercury.—By combination with sulphur, 
mercury affords two distinct compounds. By long continued 
trituration, these two bodies unite, and form a black sul- 
phuret. When united together by fusion, and afterwards. 
sublimed, they constitute a red sulphuret called cinnabar, 
which, when powdered, affords the common pigment ver- 
million. The process used by the Dutch, who have long been 
celebrated for the preparation of cinnabar, is described in the 
4th volume of the Annales de Chimie, or in Aikin’s Dic- 
tionary, vol. ii. This compound also may be ebtained by 
mixing concentrated solutions of muriate of mercury and 
hydro-sulphuret of ammonia. A brownish muddy precipitate 
is obtained, which, when left undisturbed, turns yellow in three 
or four days, then orange, and finally acquires a beautiful 
cinnabar colour.{ It is from a natural compound of mercury 
and sulphur, called mative cinnabar, that most of the mercury 
of commerce is obtained, by distilling the compound with 
iron filings. 

If mercury, like other metals, unite with twice the quantity 
of sulphur which it absorbs of oxygen, the proportion of in- 


a 


* See Phil. Trans., 1800, page 214. + Edinb. Phil. Journ. 1. 417. 
} Nicholson’s Journal, 8vo. i. 299. 
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eredients in its sulphurets will be found by doubling the 
oxygen of the oxides, and they will be composed as follows: 


‘Mercury. Sulphur. 
Proto-suiphuret. Ser OR mist. - “7 BO- 
Bicsulphuret. ..... 2 2 <4O0r « . «45.788 


The composition of the sulphurets of mercury has been 
investigated experimentally by Guibourt, with results very 
nearly approaching to these theoretical quantities.* ‘The first 
he obtained by acting on calomel; and the second on cor- 
rosive sublimate, with sulphureted hydrogen. Both the 
resulting compounds were black ; but- the latter was entirely 
convertible into cinnabar of the usual colour by sublimation. 
Analysis, by distillation with iron, showed them to consist 


as follows: 
Mercury. Sulpbur. 


Proto-saiphuret te. BOO. Fd Re 
Diesoiperaret..! 5. Pi SROs. 27 2 PND 


Amalgams.— Mercury dissolves gold, silver, tin, and many 
other metals; and if these be combined with -it in sufficient 
quantity, the mercury loses its fluidity, and forms an amalgam. 
A solid amalgam of lead, and another of bismuth, on admix- 
ture together, have the singular property of instantly becom- 
ing fluid. ‘Lhe extraordinary powers of the base of ammonia 
in amalgamating with mercury, have already been described 
in speaking of that alkali. : 

By combination with mercury, metals that are not easily 
oxidized, acquire a facility of entering into union with oxygen. 
Thus gold and silver, when combined with mercury, are 
oxidized by agitation in contact with air. This fact furnishes 
a striking illustration of the effect of overeoming the aggrega~ 
tive affinity of bodies, in promoting chemical union. 


* Ann. de Chim. et Phys. 11. 425. 
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SECTION XXXIV. 
Sidver. 


Sitver is a metal, which admits of a degree of lustre, in- 
ferior only to that,of polished steel. Its specific gravity, after 
being hammered, is 10.51. In malleability, ductility, and 
tenacity, it exceeds all the metals, except gold. Its fusing 
point, as determined by Dr. Kennedy, is 22° of Wedgwood’s 
pyrometer.. By considerably raising this beat, it may be vo- 
latilized; and, by slow cooling of the fused mass, it may be 
made to assume a regular crystallized form. | 

To obtain silver in a state of purity, Mr. Donovan recom- 
mends, that 240 grains of standard silver be dissolved in as 
much pure nitric acid of specific gravity about 1.2, as will be 
barely necessary for solution. . This is to be filtered, and dis- 
tilled water allowed to run through the filter, until the fluids 
amount to two ounce measures. <A bright plate of copper 
weighing upwards of 64 grains is to be immersed and fre- 
quently agitated in it. When the silver has entirely preci- 
pitated, which will very soon happen, the clear supernatant 
‘liquor is to be poured off, and the precipitate to be well 
washed with pure water. The silver is then to be boiled for a 
few minutes in liquid ammonia. It is then to be well washed 
with water and dried on a filter; after which, if required, it 
may be melted in a crucible.* 

The chemical properties of silver are the following: 

I. Oxides of Silver.—Silver is difficultly oxidized by the 
concurrence of heat and air. The tarnishing of silver is owing 
not to its oxidation merely, but to its union with sulphur, -as 
Proust has satisfactorily shown. 

By transmitting a Galvanic or electric discharge through 
silver wire, it is oxidized; and by long exposure.of silver to 
heat, with free access of air, it is at length converted into an 
olive-coloured glass. 

From some curious facts, which are stated by Mr. Lucas in 
vol. iii. N.S. of the Manchester Society’s Memoirs, it appears 


* Phil. Magazine, xlvii. 205. 
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that silver, when melted, and exposed to a current of air or 
of oxygen gas, forms a temporary union with oxygen, which 
is again given off in the state of gas, when the metal cools 
spontaneously, or is poured into cold water. This property, 
it has been shown by Chevillot (Ann. de Chim. et Phys. xiii. 
299) belongs only to pure silver, and not to silver alloyed even 
with a very small proportion of copper. 

The oxide of silver may be obtained by decomposing 
nitrate of silver with solution of baryta; and, after washing 
the precipitate sufficiently, heating it to dull redness. It has 
an olive colour, and is composed, according to Sir H. Davy, 
of 100 parts of silver united with 7.3 oxygen, or, according 
to Dr. Wollaston’s scale, 7.4. A larger proportion of oxygen 
was formerly assigned by Berzelius; but he has recently given 
the following statement: 


BEI eiie a diaiy wy ook 2 ae ets LOO: 
a5 sys) pag SOB Or oane wocg  fo D000 
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100. 107.3986* 


Taking the proportion of oxygen which combines with 100 
parts of silver at 7.3, the equivalent number for silver will 
“be 110. No other oxide of silver has been actually ascer- 
tained to exist; though from the experiments of Mr. Faraday, 
there seems reason to believe that the pellicle, which forms 
spontaneously on an ammoniacal solution of oxide of silver 
exposed to the air, is a protoxide of that metal, in which the 
oxygen is to the silver as 7.5 to 157.4. Dr. Thomson admits 
it to be a distinct oxide, and considers it as constituted of 3 
atoms of silver = 330 + 2 atoms of oxygen = i6. 

Il. Chloride of Silver—Silver combines with chlorine, 
under some circumstances, with the appearance of com- 
bustion. ‘The result is a substance called chloride of silver, 
which may be obtained more easily by adding a solution of 
nitrate of silver to one of chloride of sodium (common salt) 
and edulccrating and drying the precipitate. ‘This precipitate, 
if exposed to the light, and especially to the sun’s direct rays, 
becomes darker in colour and finally black. When heated to 


* Annals of Phil. xv 93. + Journ. of Science, iv. 270. 
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dull redness in a silver erucible, it melts, and cn cooling forms. 
a mass which has the imperfect transparency of horn, and has 
hence been called luna cornea or horn silver. It was formerly 
considered as a compound of oxide of silver with dry muriatic 
acid, and its composition was stated as follows. One hundred 


grains contain, 
Acid. Base.’ 


Aceording to.Dr. Marcet ... 74985 “a>. «90.95 
—— Gay Lussac .... 19.28 .... 80.72 
==— Rerzeris. soso LSOSO. . sn. --> SO OD 


Horn silver is now, however, regarded as a chloride of that 
metal. ‘To convert the old statement of its composition into 
the new, it is only necessary to calculate the oxygen contained 
in the oxide, to add it to the muriutic acid, and to consider 
the sum as chlorine. ‘Thus 60.95 of base contain 5.50 oxygen | 
(rating the oxide at 100 metal + 7.3 oxygen) and 19.05 + 
5.50 = 24.55 shows the quantity of chlorine in 100 grains of 
horn silver, according to Dr. Marcet’s statement. 

To know the composition of chloride of silver, 100 grains 
of the metal may be dissolved in nitric acid, and precipitated 
by a solution of common salt. ‘The precipitate being care- 
fully washed, dried, and fused, the increase of weight on the 
silver shows the quantity of chlorine which has been gained. 
Different chemists have given different statements. Wenzel 
found that 100 of silver gave 131.4 of chloride; Davy, 132.5; 
Bucholz, Rose, Marcet, and Gay Lussac, 133.3; and Ber- 
zelius, from several cxperiments, considers 132.75 as the true 
product.* Taking Sir H. Davy’s result, the composition of 
chloride of silver is 

Silver. cial ianad By esse DOOM. uw yp CONUS 
Chiovine x vias ..d24b a... + BRB wie) 100, 


100. 

And the equivalent number for silver, deducible from this 
analysis, is 110.7, from Berzelius’s 109.9. It will perhaps be 
very near the truth if taken at 110, a number agreeing with 
that indicated by the composition of the oxide. 


* Ann. of Phil. xv. 93. 
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Chloride of silver is insoluble in water, but is very soluble 
in liquid ammonia. The solution sometimes, when heated, 
affords fulminating silver, and should therefore be treated with 
caution. It furnishes crystals, which, by exposure to the air, 
are decomposed, the ammonia escaping, and chloride of silver 
remaining. Chloride of silver also dissolves in hypo-sulphurous 
acid. It is decomposed by a stream of hydrogen gas, and, 
when moistened with water, by any materials capable of 
affording hydrogen, such as zinc filings and dilute sulphuric 
acid. Zinc and tin decompose it also in the dry way. 

If a little fused chloride of silver and a little zinc be heated 
together in a glass tube, a violent action takes place, chloride 
of zinc is formed, and silver set at liberty, and the heat 
generally rises high encugh to fuse the silver. Zine alone, 
brought into contact with moist chloride of silver, decomposes. 
it; but hydrogen, freed from all impurities and directed upon 
moistened chloride of silver in the dark, effects no change 
whatever. (Faraday, Journ. of Science, viii. 375.) 

Iodide of silver is formed when hydriodic acid is added to 
nitrate of silver. It is insoluble both in water and ammonia ; 
has agreenish yellow colour ; and is decomposed when heated 
with potassa. 

III. Salts of Silver. 

Chlorate of silver may be obtained by digesting oxide of 
silver with chloric acid. It ferms small rhomboidal crystals. 

Iodate of silver is precipitated by icdic acid from the nitrate. 
It is a white powder, insoluble in water, but Nery soluble in 
ammonia. 

Hypo-sulphite of silver may be formed by mixing hypo- 
sulphite of soda with dilute nitrate of silver, or by dissolving 
chloride of silver in any of the hypo-sulphites. ‘Though 
formed of ingredients that have a metallic and very bitter taste, 
its favour is intensely sweet. 

Sulphate of Silver—Sulphuric acid acts on silver when 
heated, oxidizes and dissolves it; but the sulphate of silver, 
which is a very useful test, is better formed by precipitating 
nitrate of silver with carbonate of soda, edulcorating the pre- 
cipitate, and dissolving it in dilute sulphuric acid. It forms 
small brilliant needle shaped crystals, which require about 
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90 parts of water at 60° for solution, but dissolve more readily 
in hot water. . 

Nitrate of Silver.—Nitric acid, diluted with from two to 
four parts of water, dissolves silver with a disengagement of 
nitrous gas. If the silver be pure, the solution is colourless, 
otherwise it has a green hue. According’ to Proust, nitrate 
of silver already saturated, if boiled with powdered silver, 
dissolves an additional quantity ; and a solution is obtained, 
in which the silver is oxidized at a minimum. ‘This sub- 
nitrate, he observes, possesses different properties from the 
common one.* 

Nitrate of silver is decomposed by muriatic acid, the hy- 
drogen of that acid passing to the oxygen of the oxide, and 
the chlorine uniting with the silver. Chlorine, also, decom- 
poses nitrate of silver,+ as do the solutions of chlorides and 
muriates in water. By this property, silver may be separated 
from several other metals. When standard silver, for instance, 
is dissolved in nitric acid, and a solution of common salt is 
added to the liquid, an insoluble chloride of silver falls down, 
and the copper remains in solution. From the chloride of 
silver, the pure metal may be obtained, by drying it and 
fusing it with twice its weight of potassa or soda. (See Ann. of 
Phil. xv. 389.) | 

A solution of nitrate of silver stains animal substances a 
deep black. Hence it has been applied to the staining of 
human air; but, when thus employed, it should be very much 
diluted, and used with extrenie caution, on account of its 
corrosive quality. , 

White paper, or white leather, when stained with a solu- 
tion of nitrate of silver, in the proportion of ten parts of 
water to one of the salt, undergoes no change in the dark; 
but when exposed to the light of day, it gradually acquires 
colour, and passes through a succession of changes to black. 
The common sun-beams, passing through red glass, have very 
little effect upon it; yellow and green are more efficacious ; 
but blue and violet produce the most decidedly powerful 
effects. Hence this property furnishes a method of copying 


* Nicholson’s Journal, xv. 376. t Ann, of Phil. N.S. 111. $14. 
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paintings on glass, and transferring them to leather or paper. 
The process is described by Mr. T. Wedgwood, in Nichol- 
son’s Journal, 8vo. lil. 167. ) 

By a similar process, ivory may be covered with silver. 
Let a slip of ivory be immersed in a dilute solution of pure 
nitrate of silver, till the ivory has acquired a bright yellow 
colour. Then remove it into a tumbler filled with distilled 
watcr, and expose it to the direct light of the sun. After two 
or three hours’ exposure, it will have become black; but on 
rubbing it a little, the surface will be changed into a bright 
metallic one, resembling a slip of pure silver. As the solution 
penetrates deep into the ivory, the bright surface, when worn 
away, is replaced by a succession of others. 

The solution of nitrate of silver, when evaporated, forms 
regular crystals. These crystals fuse when heated ; and being 
Sune, in this state, into heated moulds, form the common 
lunar caustic. Fused nitrate of silver, according to Proust, 
is composed of 
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This statement, however, cannot be correct, as it assigns 
too large a proportion of oxygen to the oxide, viz. 8.6 to 100 
grains of silver. 

Nitrate of silver is decomposed by other metals. ‘Thus the 
surface of a plate of copper, to which the solution is applied, 
becomes plated over with silver. The first part of the de- 
posit, Gay Lussac finds, is perfectly pure silver. ‘The latter 
portions contain an admixture of copper, which may be 
removed by a fresh solution of nitrate of silver. If a little 
mercury be poured into a bottle filled with the solution of 
nitrate of silver, and the bottle be left some time undisturbed, 
the silver is precipitated in a beautiful form resembling the 
branches of a tree, which has been termed Arbor Diane. 
The most successful process for obtaining this appearance, 
Baumé assures us, is the following: Mix together six parts of 
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a solution of silver in nitric acid, and four of a solution of 
mercury in the same acid, both completely saturated. Adda 
small quantity of distilled water; and put the mixture into a 
conical glass, containing six parts of an amalgam, made with 
seven parts of mercury and one of silver. At the end of some 
hours, there appears on the surface of the amalgam a precipi- 
tate in the form of a vegetation. According to Proust, how- 
ever, this complicated process is quite unnecessary; and all 
that is required is to throw mercury into nitrate of silver very 
much diluted. A beautiful arborization of reduced silver, he 
observes, will be produced without difficulty. 

The solution of nitrate of silver is decomposed by charcoal, 
and by hydrogen gas and its compounds. This may be shown 
by experiments precisely similar to those already directed to 
be made with muriate of gold. A stick of clean phosphorus, 
also, immersed in a dilute solution of nitrate of silver, in the 
course of a few days becomes beautifully gilt. 

Fulminating Silver.—Precipitate nitrate of silver by lime- 
water, and thoroughly edulcorate and dry the precipitate. 
Let this be afterward put into a vessel of the purest liquid 
ammonia, in which it may remain for ten or twelve hours. It 
will then assume the form of a black powder, from which. the 
fluid is to be decanted, and the black substance left to dry in 
the air. This is the celebrated compound termed fudminating 
silver, which detonates with the gentlest heat, and even with 
the slightest friction. It may be formed, also, by boiling any 
precipitated oxide of silver, for a few moments, in a mixed 
solution of potassa and ammonia. ‘The protoxide, however, 
described by Mr. Faraday, does not afford it. When once 
prepared, no attempt must be made to enclose it in a bottle, 
and it must be left undisturbed in the vessel in which it was 
dried. Great caution is necessary in the preparation of this 
substance, for in making experiments on it, several fatal 
accidents having been produced by indiscretion in its use. It 
even explodes, when moist, on the gentlest friction.* 

Another detonating compound of silver, formed by a pro- 
cess similar to that employed in making the fulminating 


* See Count Rumford’s papers, Phil. Trans., 1798. 
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mercury of Mr. Howard, has been described by Descotils.* 
It is prepared by adding alcohol, to a heated solution of 
silver in nitric acid, while the soJution is yet going on. Con- 
siderable effervescence arises; the liquor presently becomes 
turbid ; and a heavy, white, crystalline powder falls down. 
This, when washed and dried, is the detonating silver. Heat, 
_a slight blow, or long continued friction, cause it to inflame 
with a brisk detonation. Pressure alone is not sufficient 
unless very powerful. [t detonates by the electric spark, and 
is set on fire with an explosion by concentrated sulphuric acid. 
Both in the preparation of this substance, and in experiments 
on its detonation, much caution is necessary; and only very 
small quantities should be employed. This preparation was 
originally discovered by Mr. E. Howard: In repeating his 
process, Mr. Cruickshank dissolved 40 grains of silver in two 
ounces of strong nitric acid, diluted with an equal weight of 
water. Then by heating the solution with two ounces of 
alcohol, he obtained 60 grains of a white powder, which 
detonated violently. 

Muriatic acid does not-act on metallic silver, except by 
long continued boiling, and then only in a small degree. But 
when two small slips of zinc and ef silver are fastened toge- 
ther, and immersed in dilute muriatic acid, the silver, being 
rendered negative by the zinc, acquires a coating of chloride 
of silver. 

A very useful solvent of silver has been discovered by Mr. 
Keir of Birmingham. It is formed by dissolving one part of 
nitre in about eight or ten parts by weight of concentrated 
sulphuric acid. This compound (which may be called nitro- 
sulphuric: acid) when heated to between 100° and 200° Fahr., 
dissolves one-fifth or one-sixth its weight of silver, with an 
extrication of nitrous gas; and leaves, untouched, any copper, 
gold, lead, or iron, with which the silver may be combined. 
Hence it is a most useful agent in extracting silver from old 
plated goods. ‘The silver may be recovered from the solution 
by adding muriate of soda, which forms chloride of silver ; 
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and this oan Ke decomposed by aT ee of soda, in the way 
which has already been described. 

Phosphate of silver is a compound of some importance, from 
its use In preparing chloric acid. To obtain it, crystals of 
nitrate of silver may be dissolved in pure water, and a solution 
of phosphate of soda be added. ‘The neutrality of the nitrate 
of silver is destroyed, and though the phosphate contains an 
excess of alkali, the resulting liquor is acid. ‘The precipitate 
is of a yellow colour. When washed and dried, it is fusible 
at a red heat without any farther loss of weight. It consists, 
according to Berzelius,* of 


Phosphoric Heid i ake COS 17 10254...) POO. 
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Hydrocyanic acid and hydrocyanate of potassa decompose 
the solutions of silver, and precipitate a cyanide of that metal, 
from which cyanogen may be separated by heat. ‘The ferro- 
prussiates throw down a precipitate which is at first white, but 
by exposure to the light becomes blue. 

Sulphuret of Silver.—Silver is acted on by sulphurets of 
alkalis, and by sulphureted hydrogen gas. Both these sub- 
stances blacken silver when exposed to their operation; and 
the common tarnishing of silver by the atmosphere has been 
traced to a similar cause. ‘They precipitate silver, also, from 
ali its solutions of a black colour. Sulphuret of silver has 
been analyzed by Berzelius, and found to consist of 
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Alloys.—Silver is capable of being united with most other 
metals. When alloyed with copper, in the proportion of 0.90 
to 11.10, it constitutes the standard silver of this country. 
This combination, though its colour differs but little from that 
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of pure silver, is much harder, and better adapted for the pur- 
pose of coin, and of domestic eens: Silver of com- 
merce is composed of 37 parts of fine silver to 3 of copper; 
but the fine silver, being ‘obtained by cupellation, contains 
gold, which is left after solution by acids, either in the form 
of purple protoxide, or black peroxide. 

The object of cupellation is to oxidize the baser metals that 
may be mixed with silver; and to remove the oxide when 
formed, leaving the silver pure. ‘To assist this, a proportion 
of some metal is added, which is not only readily oxidizable, 
bat which affords a fusible oxide. Lead is generally employed 
for this parpose. A small shallow crucible, called a cupel 
(which is best made of the internal slough cf a bullock’s horn 
calcined to whiteness), is heated to redness under a muffle. 
Upon this a small button of pure lead is. first placed; and 
then the silver, laminated, accurately weighed, and wrapt in 
lead foil. ‘The metals melt together, and an appearance 
called fulguration, or scintillation, ensues. The lead is gra- 
dually oxidized, and the oxide carries down the baser metals 
into the cupel, a button of pure silver being finally left. The 
process requires a nice regulation of the heat, and its sueccss- 
depends greatly on the skill and experience of the operator. 
In cooling the button, care also is necessary, as the accuracy 
of the result is apt to be destroyed by the spirting of the fluid 

metal from beneath the congealed crust. 


SECTION XXXY. 
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‘Po obtain gold im a state of purity, one part by weight of 

_ standard gold may be dissolved in: three of nitro-muriatic acid 

Padipestd of one part by weight nitric, and two muriatic 

acids); and to expel the excess of acid, the solution may be 

_ evaporated to dryness, taking care to use a gentle: heat at the 

last. The dry mass may be. re-dissolved th water, and to tlie 

clear liquid, a solution of green sulphate of iron may be added. 

The goid will be precipitated in the state of a fine powder, 
BOL. 118 K 
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which, after being washed first with diluted nitric acid, and 
then with diated, water, may be either pre eserved for solution 
in powder, or fused into a mass. 

The external qualities of gold are the following : 

It has an orange or reddish yellow colour; and may be 
made to assume a degree of lustre ae only to that of steel, 
platinum, silver, and mercury. 

Its specific gravity varies a little according to the mechanical 
processes which it has under gone ; but it may be stated, on 
the average, at 19.3. 

It exceeds all other metals in ductility and malleability, 


and may be beaten into leaves oo en of an inch in thick- 
nessa é | 
It is considerably tenacious; for a wire only +22,ths of 


an inch diameter will sustain a weight of 150 lb. 

Gold may be melted by a dae red-heat: viz. at about 
32° degrees of Wedewood’s pyrometer. The intense heat of 
a glass-house furnace has no other effect than to keep it in fu- 
sion. And even exposure to Mr. Parker’s powerful burning 
lens, for several hours, occasioned no loss of weight. After 
fusion, it cr ystallizes i in short quadrilateral pyr ane. 

Pure gold is not oxydized by exposure to heat with the ac- 


cess of air; but it may be brought to the state of a purple oxide. 


by transmitting through gold leaf or wire, either a powerful 
electrical or galvanic discharge. 

Action of Solvents.—Sulpburic, nitric, and muriatic acids, 
have separately no evident action.on gold; but the last men- 
tioned acid, Proust has observed, by Tore boiling with finely 
divided gold, dissolves asmall portion. Neither does any acid 
of which oxygen is the acidifying principle, except concen- 
trated sulphuric and nitric acids, dissolve the oxides of gold, and 
even those acids do not form permanent compounds. Nitric 


acid dissolves it only when heated, and deposits it again in the _ 


state of a hydroxide on adding water. Sulphuric acid, on the 
other hand, dissolves oxide of gold at common temperatures, 
but Raceanbints the oxide when heated in contact with it. 
(Pelletier, An. de Ch. et Phys.xv.) | 


Chlorides —The proper solvents of gold are chlorine and 


tr. 
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nitro muriatic acid. Oberkampt* prefers the former, because 
a purer solution is obtained, and one which can more easily 
be freed from an excess of acid. Gold leaf, introduced 
into chlorine gas, takes fire and burns. But if gold leaf be 
suspended in water, into which chlorine gas is passed, it is 
dissolved, and the solution may be concentrated by evapora- 
tion. s | 

To dissolve gold in nitro-muriatic acid, Vauquelin re- 
verses the usual proportions, and mixes two parts by weight 
of muriatic acid with one of nitric. Three parts of an aqua 
regia so composed, are equivalent, he finds, to four made with 
~ the common proportions. | ) 4 , 

The solution of gold (in whatever way prepared) has an 
orange yellow colour; but this, Oberkampf finds, is owing to 
an excess of acid, and it passes to a brownish red, as soon as 
the redundant acid is neutralized or expelled by heat. ‘The 
solution should, therefore, be evaporated to dryness, and the 
dry mass (care being baker not to heat it too strongly) re- 
dissolved in water. "On to avoid all risk of decomposition, 
the liquid may be removed from the fire, when sufficiently con- 
centrated to become solid on cooling. . The solid obtained has 
a deep brownish red colour, is very fusible, and readily dis- 
solves in water, giving a reddish yellow solution. ‘The solu- 
tion, Pelletier believes to be a real chloride, and not a muriate, 
though occasionally it contains a little free muriatic acid. If, 
instead of removing the mass from the fire, it be heated still 
longer, chlorine is disengaged, and a lemon yellow compound 
is left, which is a sub-chloride. By stron ngly. urging the heat, 
the whole chlorine is expelled, and metallic gold only remains. 

Concentrated sulphuric acid, poured into the solution of 
chloride of gold, throws down an anhydrous chloride. If heat 
be applied, chlornen is disengaged, and a yellow sub-chloride 
~ falls; or, if the heat be continued, metallic gold is separated. 
- Arsenic and phosphoric acids produce the same effects. 
According to Pelletier, there are two chlorides of gold. 


* 80 Ann, de Chim. 140. + 77 Ann. de Chim, 322. 
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The protochloride, or subchloride = 100 + 14.715 
The perchloride (soluble) = 100 + 44.14 


It is in the state of perchloride that gold exists when dis- 
solved by aqua regia. 

The subchlor ae of gold, on adding water to it, is converted 
into one-third metallic gold, and two-thirds chloride. Acids, 
containing no water, do not produce any change on the subchlo- 
ride ; bie. dilute acids convert it into metallic gold and chlo- 
ride of gold, the latter remaining in solution. Hence, by 
acting with acids on gold treated wiliiegen regia, we cannot 
obtain salts with base of oxide of gold, for that product, being 
a true chloride, contains no oxygen. For the same reason, 
sulphate or phosphate of soda, added to the solution, do not 
Yorm sulphate or phosphate of gold. When sulphate or nitrate 
of silver is added to the chloride of gold, the whole of the 
sulphuric or nitric acid remains in the liquor, and a brownish 
yellow precipitate is formed,which is a mixture of chloride of 
silver and oxide of gold. ‘The latter is taken -up by muriatic 
acid. This precipitate, if dried and heated in a retort, yields 
oxygen gas by the decomposition of the oxide of gold. 

When pure potassa, not in excess, is added to liquid chlo- 
ride of gold at common temperatures, no immediate precipi- 
tation ensues. After some time, however, or immediately if 
heat be applied, a very light bulky reddish yellow precipitate 
appears, containing only five-sixths of the gold present in the 
chloride. An excess of alkali re-dissolves much of this pre- 
cipitate; which is a hydrated oxide of gold with a little chlo- 
ride. But if, instead of adding more alkali, the precipitate be 
well washed with water, and dried, it shrinks greatly in bulk, 
and a black powder remains, which is not entirely soluble in 
muriatic acid. 

If a considerable excess of potassa be mixed with the chlo- — 
ride of gold, the supernatant liquid acquires a light greenish — 
yellow ; and a blackish sediment is formed, in which not more 
than +!,th of the gold is found that was held in solution. The 
remaining +2,ths, “autted with oxygen, have combined with the 
potassa, w hich acts the part of a base, while the oxide of gold j 
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serves as a salifying principle. To this compound, Pelletier 
gives the name of auraie of potassa. Ovxide of gold appears, 
therefore, adapted to unite with bases, rather than itselfto form 
a base for combination with acids, with most of which it refuses 
to unite. | 

The precipitation of gold by a due quantity of potassa seems 
to be the effect of a double affinity, the chlorine passing to the 
potassium, and the oxygen of the potassa to the gold. Some 

chloride of gold remains undecomposed. When excess of po- 
' tassa‘is used, the product is a mixture of chloride of potassium 
and aurate of potassa. 

Baryta produces similar effects on chloride of gold, but 
seems to have a stronger affinity for the oxide. 

When chlorides of potassium, sodium, or barium, are boiled 
with oxide of gold, the resulting liquid contains a mixture of 
_ aurate of alkali, and chloride of gold. 

Iodide of gold may be obtained by acting on oxide of gold 
with hydriodic acid, or by mixing chloride of gold with hy- 
driodate of potassa, and washing and drying the precipitate. 
It is insoluble in cold water, and very sparingly soluble in hot. 
It is decomposed by heated nitric or sulphuric acids, which 

_reduce the gold and set iodine at liberty. Liquid alkalis de- 
compose it instantly, and it is decomposed by a temperature of 
260° Fahr. It is constituted, according to Pelletier, of 
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Oxides of Gold.—The best process for obtaining oxide of **- 
gold, according to Pelletier, is to precipitate chloride of gold. 
by magnesia. Muriate of magnesia is formed, which may be- 
removed by washing, and the excess of magnesia may be dis 
solved by diluted nitric acid. In this case, the magnesia is 
doubtless first converted into a chloride, and parts with its 
oxygen to the gold. The oxide must be dried at a very low 
heat. 

There is considerable disagreement as to the composition of 
_ the oxides of gold. Oberkampf deduces, as a mean of three 
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experiments, that 100 parts cf gold unite with 10.01 oxygen; 
Berzelius makes the proportion of the latter 12.07; and Pelle- 
tier, from the composition ofthe iodide, deduces it to be 10.03. 
This is assigned as the composition of the peroxide; but be- 
sides this, he supposes that there is a protoxide containing only 
one-third of the oxygen which exists in the peroxide. ‘Their 
composition may, therefore, be stated, according to Pelletier, 
as follows: 


Meral. Oxygen. 
Protoxide ........02000. 100 + 3.3495 
Peroxide . {5.053 6c oe OO ET OLS 4 


Fulminating Gold.—A solution of pure ammonia separates 
from the solution of gold in nitro-muriatic acid an oxide of 
gold, and a portion of ammonia, uniting with the oxide, forms 
a compound which detonates very loudly in a gentle heat, and 
is termed fulminating gold. : 

To obtain this compound, add a solution of ammonia in 
water, or the pure liquid ammonia, to diluted muriate of 
gold; a precipitate will appear, which will be re-dissolved if 
too much alkali be used. Let the liquor be filtered, and 
wash the sediment, which remains on the filter, with several 
portions of warm water. Dry it by exposure to the air, with- 
out any artificial heat, and preserve it in a bottle, closed, not 
with a glass stopper, but merely by a cork. A small portion 
of this powder, less than a grain in weight, being placed on 
the point of a knife, and held over a lamp, detonates violently. 
‘The precise temperature which is required is not known, but 
it appears to exceed 250° Fahrenheit. At the moment of ex- 
plosion, a transient flash is observed. The principal force is 
exerted downwards; and hence two or three grains, exploded 
on a pretty strong sheet of copper, will force a hole through 
it. Neither electricity, nor a spark from the flint and steel, 
are sufficient to occasion its detonation; but the slightest. 
friction explodes it, and serious accidents have happened from 
this cause. . | 

This detonation is explained as follows: Fulminating gold 
is an oxide of that metal, combined with ammonia. When 
jts temperature is raised, the ammonia is decomposed ; the 
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hydrogen of the alkali unites with the oxygen of the oxide, 
and. reduces the gold toa metallic state; and nitrogen gas, 
and probably aqueous vapour, are liberated in a highly ex- 
panded state. The violent impulse of these aériform products, 
on the surrounding atmosphere, appears to be the cause of 
the loud noise that is occasioned by the explosion of this com- 
pound. A similar explanation may be applied to other ful- 
minating compounds of metallic oxides with ammonia; such 
as those of silver and mercury. 

Revival of Gold from its Solutions—The solution of chlo- 
ride of gold is decomposed by certain combustible bodies, 
which appear to act by furnishing hydrogen to the chlorine, 
and reduce the gold to a metallic form, as in the following 
examples : 

(a) Into a dilute solution of chloride of gold, contained in # 
glass jar, put a long narrow slip of charcoal, and expose the 
whole to the direct light of the sun. The gold’ will be re- 
vived, and will appear on the charcoal in a metallic state, ex- 
_ hibiting a very beautiful appearance. The same change en- 
sues without light, if the solution be exposed to a temperature 
of 2227. 

(L) Moisten a piece of white taffeta riband, with the dilute 
solution of gold, and expose it to a current of hydrogen gas 
from iron filings, and dilute sulphuric acid. The gold will 
be reduced, and the riband will be gilt with the metal. By 
means of a camel’s hair pencil, the gold may also be so applied 
as to exhibit regular figures, when reduced. 

(c) The same experiment may be repeated, substituting 
phosphureted hydrogen for common hydrogen gas. The 
reader, who wishes for a detail of- various experiments of a 
similar kind, may consult an Essay on Combustion, by Mrs. 
Fulhame, published by Johnson, London, 17943 and also 
Cound Rumford’s paper, in the Philosophical Transactions, 
1798, page 449. 

(d) Several of the vegetable acids, but particularly the 
oxalic, decompose chloride of gold at common temperatures, 
especially if exposed to the sun’s rays. The bin-oxalate of 
potassa is still more efficient; an effervescence arises from the 
escape of carbonic acid; and in about an hour, all the gold is 
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revived (Van Mons). ‘Tartaric acid dees not produce the-same 
effect, but bi-tertrate of potassa occasions a decomposition, 
though less rapid. . Acetic acid may be mingled with chloride 
of gold without prodacing any change. | 

(¢) Gold is precipitated from its solution In a metallic form, 
by a solution of green sulphate of iron. This depends on the 
affinity of the protoxide of iron fora farther quantity of oxygen, 
which it takes from the oxide of goid. 

(f) When a sheet of pure tin is immersed in a solution of 
nitro-muriate of gold, the oxide of gold is precipitated of a 
purple colour; and, when scraped off and collected, forms 
the purple powder of Cassius, much employed in enamelling. 
Or the metallic salt, largely diluted with water, may be put 
into a glass vessel with a few pieces of grain tin. In a short 
time, the liquor will become of the colour of red wine, and a 
very light flocculent precipitate will begin to precipitate, leav- 
ing the liquor clear, ‘This, when well washed and dried, bas 
a deep purple colour, and is the precipitate of Cassius. The 
same precipitate is obtained by mixing a solution of gold with 
a recently made solution of tin in muriatic acid. 

The composition and colour of the precipitates of gold, 
thrown down by muriate of tinat the minimum, have beenshown, 
by Oberkampf, to be very variable. ‘The colour approaches 
more to.a violet, as the salt of tin bears a larger proportion to 
that of gold; and the colour communicated by the precipitate 
to porcelain, has the same variable character. When the 
muriate of gold is in excess, the precipitate has more of a rose 
colour. <A violet compound was proved on analysis to eon- 
tain 60 per cent. of oxide of tin, and 40 of metallic gold ; 
and one of a fine purple consisted of 202 oxide of tin and 794 
gold. : 

(g) Gold is precipitated from its solvent by ether, but the 
oxide of gold is instantly re-dissolved by the ether, and forms 
the ethereal solution of gold. This solution is advantageously 
applied to the gilding of steel scissars, lancets, and other in- 
struments, which it protects from rust with a very small ex- 
penditure of gold. 

Sulphuret of Gold.—When a current of sulphureted hy- 
drogen gas is.passed through a solution of gold, a black pre- 
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cipitate falls down. This is a true sulphuret of gold, which 
gives up its sulphur on the application of heat. It is com- 
posed of 7 
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The sulphuret, thus prepared, is more uniform in its com- 
position, than that which is precipitated by alkaline hydro- 
sulphurets; for these contain a variable proportion of sulphur, 
which is thrown down along with the gold. 

The sualphuret of gold is soluble in hydro-sulphuret of po- 
tassa. Liquid potassa takes upa part, and leaves a yellow 
powder, which is metallic gold. he alkaline hydro-sulphu- 
rets do not dissolve gold, however minutely divided, till sul- 
phur is added, when probably a sulphuret of gold is formed, 
on which the hydro-sulphuret is capable of acting. 

Phosphuret.— Gold may be combined with phosphorus, 
either by precipitating its solution with sulphureted hydrogen, 
or, as Mr. I. Davy discovered, by heating finely divided gold 
with phosphorus in a tube deprived of air. It has a grey co- 
lour, and a metallic lustre; is decomposed by the: heat of a 
spirit lamp; and contains about 14 per cent. of phosphorus. 

Exguivalent Number fur Gold.—There is considerable difficul- 
ty in fixing upon a number to represent the weight of the atom 
of gold, on account of the uncertainty respecting the smallest 
proportions of oxygen, chlorine, &c. with which it is capable 
of forming a chemical compound. It appears to me that the 
only well-ascertained oxide of gold is that which contains, ac- 
cording to Gberkampf, 10.01, and to Berzelius, 12.07 oxygen, 
on 100 of the metal; and if this be the only oxide, the atom 
of gold will be represented either by 80, or by 70, as we take 
the experimental result of the former or the latter chemist. 
The constitution of the protoxide, as stated by Pelletier, would 
raise the representative number to 240; that of the iodide 
to 242; and of the proto-chloride to 244; but the existence 
of an oxide and a chloride with so small a relative proportion 
of oxygen and of chlorine, has not yet been sufficiently esta- 


138 ' OF METALS. CHAP. IX. 


blished. The composition of the oxide, assigned by Berze- 
lius, is confirmed by Oberkampf’s analysis of the sulphuret, 
viz. 100 metal and 24.39 sulphur; for this agrees with the re- 
lative atomic weights of oxygen and sulphur, the latter of 
which is shown, by a variety of well-ascertained facts, to be 
double that of the former. The whole subject appears, how- 
ever, to require farther investigation, before an equivalent 
number can be obtained for gold, entitled to our full confi- 
dence. 

The methods of purifying gold, by the operations of cu- 
pelling and quarlation, would lead into too long details. They 
are very perspicuously described by La Grange, in the 44th 
chapter of his Manual; and in Aikin’s Chemical Dictionary, 
article Gold. To the latter work; to Lewis’s Philosophical 
Commerce of the Arts; and to Mr. Hatchett’s paper, in the 
Philosophical Transactions for 1803, I refer also for much va- 
luable information respecting the alloys of gold with other 
metals. It may be proper, however, to observe that gold, 
which is too soft, in its pure state, for many purposes, has its 
hardness greatly increased by being melted or alloyed with a 
small proportion of copper. Itis a singular fact, that some 
kinds of copper, which do not themselves appear defective in 
any respect, totally destroy the ductility of gold. This ap- 
pears to be owing to the contamination of the copper with a 
very small quantity of lead and antimony, of either of which 
metals only about +,;th in weight is sufficient to produce this 
injurious effect. 

The degree of purity of gold is expressed by the number of 
parts of that metal, contained in 24 parts of any mixture. 
Thus, gold, which, in 24 such parts (termed carats), contains 
22 of the pure metal, is said to be 22 carats fine. Absolutely 
pure gold, using the same language, is 24 carats fine; and 


gold alloyed with an equal weight of another metal, 12 carats 
fine. 
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SECTION XXXVI. 
Platinum. 


PLAtiNuM, in the state in which it reaches this country, Is 
contaminated by the presence of eight or ten other substances ; 
and, in fact, is merely an ore of platinum. It had been dis- 
covered in no other places than Choco and Santa Fé, in South 
America, until a few years ago, when Vauquelin detected it in 
some grey silver ores from Weairenadets, and, more lately, 
it has been brought from St. Domingo, and from the gold 
mines of Brazil. The general aspect of the ore of platinum is 
that of small grains or scales, of a whiter colour than iron, and 
extremely heavy. Various processes have been contrived for 
its purification ;* but the one, which is the most simple and 
practicable, appears to me to be that of Count Moussin 
Poushkin, communicated by Mr. Hatchett in the ninth volume 
of Nicholson’s Journal.t It is unnecessary, however, to detail 
these processes ; as the metal may now be had, in a pure state, 
at a reasonable price. | 

Platinum has the following properties : 

It is a white metal, resembling silver in colour, but 
greatly exceeding it, and indeed all other metals, in specific 
gravity, which may be stated at 22 or 23; according to ae 
H. Davy, at 21.3; and, according te Marquis Ridolf, a 
22.63. It may be drawn into wire about the 2000th part s 
an inch in diameter, and beat into very thin plates. 

2. It is extremely difficult of fusion. It may be melted, 
however, by the blow-pipe, with the aid of oxygen gas. A 
globule, weighing 29 grains, boiled violently in the focus of a 
lens about three feet in diameter; { and Dr. Clarke, by means 
of the blow-pipe with compressed oxygen and hydrogen gases, 


* See Aikin’s Dictionary, article Platinum. 

tT A process for purifying platinum, by the intermediation of zinc, is 
described by Descotils in the 64th volume of the Annales de Chimie, page 
334, or 37 Phil. Mag. 65; and another by the Marquis of Ridolfi, in Jour- 
nal of Science, &c. 1. 259. See also Baruel, Quarterly Journal, xii. 247. 

J 69 Ann. de Chimie, 93. 
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has kept more than 200 grains of platinum in a boiling state | 
for some time. * | 

3. Platinum has been discovered by Dr. Wollaston to be 
a remarkably slow conductor of caloric. When equal pieces 
of silver, copper, and platinum, were covered with wax, and 
heated at one end, the wax was melted 3} inches on the silver; 

4on the copper; and i inch only on the platinum. Its ex- 
pansion by heat is considerably less than that of steel; which, 
between the temperatures of 32° and 212°, is expanded about. 
12 parts in 10,000, while the expansion of platinum is only 
about 10. From trials made by Mr. Scott of Dublin, it ap- 
pears to possess sufficient elasticity to be applicable to the 
making of pendulum springs for watches.+ , 

4, In common with iron, platinum has the property of weld- 
ing, which is peculiar to those two metals.{ It may, also, be 
united by welding, with iron and steel. 

It is not oxidized by the long-continued and concurrent ac- 
tion of heat and air. To obtain its oxides, we must have re- 
course to a circuitous process. 

Berzelius§ describes two oxides of platinum. The protox- 
ide is precipitated from the chloride by an excess of potassa. 

Its colour is black, and it consists of 
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100. 108.287 


The peroxide, according to the same chemist, has been ob- 
tained only in combination. It is composed of 


Platinum ...... 85.93 .... 100. 
Oxyoen is ce THOT 1S BSB 


100. 116.38 
* Thomson’s Annals, xiv. 230. + Nicholson’s Journal, Xxil. 148. 


} Two pieces of wrought iron, raised to a white heat, become covered 
with a kind of varnish; and, when brought into contact, may be perma- 
nently united by forging. This is called the welding of iron. 

§ 87 Ann. de Chim. p. 126. 
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Mr. Cooper obtained, what he considers as the pro- 
toxide of platinum, by pouring a perfectly neutral protonitrate 
of mercury into a dilute solution of chloride of platinum in 
hot water. The precipitate, a mixture of calomel and pro- 
toxide of platinum, after being carefully washed and dried,; 
was exposed to a heat barely sufficient to raise the calomel 
after which there remained an intensely black powder.” By 
distillation Mr. Cooper ascertained that this powder is com- 
posed of 100 parts of platinum + 4.517 oxygen.* It has been 
- objected, however, both by M. Berzclius and Mr. E. Davy, 
that the temperature required to sublime calomel is sufficient 
to deprive oxide of platinum of part of its oxygen; and, there- 
fore, that the true composition of the protoxide cannot be 
determined by Mr. Cooper’s method. 

We have the testimony, also, of Vanquelin, that the oxide 
of platinum, obtained irom the chloride by means of soda, is 
constituted of 100 metal + 15 or 16 oxygen, (Ann. de Ch. et 
Phys. v.) Another oxide has been described by Mr. E. Davy, 
which appears to be intermediate between the peroxide, as stated 
by Berzelius and Vauquelin, and the protoxide of the former 
chemist. It was formed by boiling together strong nitric acid, 
and fulminating platinum, drying the product, and heating it 
just below redness; then washing with water, and, finally, with 
a little potassa. Its colour was dark iron grey; it was not. 
affected by water, either hot or cold; nor by nitrous, sulphu- 
ric, or phosphoric acid; it was insoluble by nitro-muriatic 
acid, and by muriatic acid, unless when heated. It was shown, 
by analysis, to contain 
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‘The oxygen, therefore, in the three oxides, appears to be 
nearly in the proportion of 8, 12, and 16, to 100 of the metal, 
or of 1, 2, and 3. If the first of Berzelius’s oxides be really 
the protoxide, the equivalent number deducible for platinum 
will be 96.5. But the subject requires more accurate inves- 


* Journal of Science, &c. vol. iii, 
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tigation, before we can assign, with any confidence, the equi- 
valent number of this metal. 7 

Chloride——Platinum is not acted on by any other solvents 
than the nitro-muriatic acid, and chlorine.* The former is 
best adapted to effect this solution. Sixteen parts ofthe com- 
pound acid are to be poured on one of the pure laminated me- 
tal, and exposed to heat in a glass vessel; nitrous gas is dis- 
engaged, and a reddish coloured solution is obtained, which 
gives a brown stain to the skin. When this solution is eva- 
porated, and heated to whiteness, chlorine gas is disengaged, 
and may be collected in a proper apparatus. ‘The dry com- 
pound, investigated by Mr. E. Davy, gave 18.5 per cent. of 
chlorine; but this is considered by him only as an approx- 
imation. From the experiments of Vauquelin, it seems pro- 
bable that, beside the chloride, there are also two sub-chlorides 
‘of platinum.+ But the precise nature of these compounds is 
unknown. 

The chloride of platinum may be crystallized by careful 
evaporation. The salt has a very acrid taste, and is deliques- 
cent. Itis decomposed by heat, chlorine gas is evolved, and 
an oxide of platinum remains, which is reduced to a metallic 
form by ignition. 

The chloride of platinum has the characteristic property of 
being precipitated by a solution of muriate ofammonia. By 
this character, platinum is distinguished from all other metals, 
and may be separated when mingled with them in solution. 
The precipitate, thus obtained, is decomposed by a strong 
heat, and leaves pure platinum; but the process, to be effec- 
tual, should be twice repeated, for the precipitate first formed, 
contains a small proportion of any other metal that may hap- 
pen to be present. | 

Chloride of platinum is not precipitated by ferro-prussiate 
of potassa, nor by sulphat of iron. If any precipitate ensue, 
it is owing to contamination with other metals. 
Oe ee ne Se ee SO 

* Mr. P. Johnson has shown that platinum, by being alloyed with silver 
and gold, is rendered soluble in nitric acid; (40 Phil. Mag. 1.) and Mr. ° 
Cooper has established the same fact respecting the alloy of platinum with 
zinc and copper. (3 Journ. of Science, p. 119.) 

+ An. de Chim, et Phys. v. 274. 
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It is precipitated of a dark green colour by the gallic acid 
as present in tincture of galls. The precipitate becomes gra- 
dually paler by standing.* 

When pure potassa is poured into the solution of platinum, 
a precipitate ensues, which is not an oxide of platinum, but a 
triple compound of that oxide with the alkali and acid, or po- 
tassa-muriate. With soda also, it forms a triple combination, 
or soda-muriate. This is best obtained, by adding to nitric 
acid, in a retort, platinum, with twice its weight of muriate of 
soda, and applying heat till about four-fifths of the fluid have 
come over. The remaining liquor forms, on cooling, fine 
prismatic crystals, sometimes four or five inches long; and 
either reddish-brown, like titanium; yellow, like amber; or 
of a beautiful coquelicot colour.+ 

Chloride of platinum is decomposed by ether, and an 
etherized solution of platinum is obtained; which may be ap- 
plied to the same uses as the similar solution of gold. 

Sulphuret.—The chloride of platinum is decomposed, also, 
by sulphureted hydrogen,{ and a black powder is obtained, 
which becomes reddish-brown with an excess of the precipi- 
tant, but re-assumes its black colour, on exposure to the air. 
Its composition cannot be investigated easily, for the sulphur 
passes so rapidly to the state of sulphuric acid, as, during the 
desiccation of the powder, to destroy the paper on which it was 
collected. Vauquelin asserts that it is not a simple sulphuret, 
but a hydro-sulphureted oxide of platinum.§ | 

The most delicate test of the presence of platinum is muriate 
of tin. A solution of platinum, so dilute as to be scarcely dis- 
tinguishable from water, assumes a bright red colour, on the 
addition of a single drop of the recent solution of tin. 

The direct combination of platinum and sulphur was found 
by Mr. E. Davy to give an infusible black powder, containing 
about 16 parts of sulphur to 100 metal;|| and dividing the 
former number by 2, we obtain 8 for the quantity of oxygen in 
the protoxide, which confirms the result of Berzelius’s ex- 


* La Grange, 11.272. . + Nicholson’s Journal, 8vo. ix. 67. 
} Berzelius, § An, de Chim. et Phys. v. 263. 


|| See his Memoir on seme of the Combinations of Platinum, Phil, Mag. 
vol, xl, : 
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periment on that oxide. Vaugquelin formed the sulphuret by 
heating 10 parts of the triple muriate of ammonia and platinum 
with 20 parts of sulphur, or by a similar treatment of one part 
of finely divided platinum, with two of sulphur. He agrees 
with Mr. Davy as to the proportions of its elements. 

From the sulphuret, the sulphate of platinum is best pre- 
pared by the action of nitric acid. It is soluble in water, in 
alcohol, and ether; and the first mentioned solution, Mr. 
Davy finds to be the best test yet tried for discovering ge- 
latine. | 

The action of alcohol on sulphate of platinum occasions the 
formation of a substance, which is possessed of very singular 
properties.* Equal volumes of a strong aqueous solution of 
this sulphate and of alcohol, heated together, deposit a black | 
powder, which, after being well edulcorated, and dried at a 
very gentle heat, exhibits the following properties : 

It is black and in small lumps, which are soft to the touch, 
and easily reduced to.an impalpable powder. ‘This powder 
is tasteless, and insoluble in water either hot or cold. When 
gently heated on a slip of platinum, a feeble explosion takes 
place, accompanied with a hissing noise, and a flash of red 
light, and the platinum is reduced. Brought into contact 
with ammoniacal gas, it becomes red hot, and scintillates. It 
is Instantly decomposed by alcohol, as is shown in a very: 
striking manner by moistening paper, sand, cork, or sponge, 
with that fluid, and placing the smallest particle of the pow- 
der on them. It hisses, and becomes red-hot; and Mr. E, 
Davy, to whom we owe its discovery, proposes it as an ex~ 
cellent means of kindling a match. It appears to consist of 
961 per cent. platinum, with nitrous acid, a little oxygen, and 
a very minute proportion of carbon. The nitrous acid is ac- 
counted for, by the peculiar way in which the sulphate had 
been formed. | 

Phosphuret.—-Phosphorus:' and platinum may be united, 
either by passing phosphureted’ hydrogen into a solution of 
the metal; or, according to Mr. E. Davy, they combine di- 
rectly in exhausted tubes with vivid ignition. The resultis a 


* Phil. Trans. 1820. 
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-bluish grey powder, infusible, and containing 17 per cent. of 
phosphorus. 

Platinum is acted upon by fusion with nitrate of potassa and 
with nitrate of soda, and also with pure fixed alkalis, with 
which its oxide seems to unite asa base, forming what has 
been called a platinate. The latter property limits consider- 
ably the utility of platinum as a material for crucibles. 

Fulminating Platinum.—A fulminating compound of pla- 
tinum, analogous in its composition and properties to aurum 
fulminans, has been prepared by Mr. E. Davy, by precipi- 
tating a solution of sulphate of platinum with a slight excess 
of pure ammonia.* The precipitate, thus obtained, was 
washed, and dried sufficiently to separate it from the filter, 
It was then put into a Florence flask with a solution of pure 
potassa, and the fluid boiled nearly to dryness. A quantity 
of water was then added, and the solid matter, after being well 
washed, was dried for several days at the temperature of 212° 
Fahrenheit. 

The powder thus prepared has different shades of colour, 
from a light brown to a dark chocolate, and even almost 
black. One grain, laid on a thin sheet of copper, and heated 
to 400° or 420° Fahrenheit, produces a report louder than 
that of a pistol, and the copper is deeply indented. Like ful- 
minating gold, it is incapable of being exploded by percussion. 
It appears to be a triple compound of oxide of platinum, am- 
monia, and water. 

Alloys of Platinum.—Platinum is capable of entering into 
combination with other metals, and of forming alloys, which 
are not, in general, characterized by useful properties. Its 
affinity for lead is strikingly shown by the following experi- 
ment. Ifa piece of lead foil, and another of platinum foil, 
of equal dimensions, be rolled up together, and the flame of 
a candle be cautiously directed by a blow-pipe towards the 
edges of the roll, at about a red heat, the two metals will com- 
bine with a sort of explosive force, scattering their melted par- 
ticles, and emitting light and heat in a surprising manner. 
ee Oe ee TE 

* Phil. Trans, 1817. 
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(Ann. of Phil. xiv. 230.) A small bit of tin, zinc, or anti- 
mony, rolled in platina leaf, and treated in like manner, ex- 
hibits similar appearances. 

With potassium and sodium, platinum affords brittle com- 
pounds. In the proportion of 1-16th, it renders gold pale; 
it amalgamates with mercury, and diminishes the fusibility 
of the fusible metals. 

The compound of platinum with steel has already been 
described in the 16th section of this chapter. 


SECTION XXXVII. 


Rhodium and Palladium. 


For the discovery of these two metals we are indebted to 
Dr. Wollaston, who separated them from the ore of platinum, 
by the following process. 

i. Raopium. When a solution of the ore of platinum in 
nitro-muriatic acid has been precipitated, as far as possible, 
by muriate of ammonia (see sect. 36) it still retains a consi- 
derable degree of colour, varying with the strength and pro- 
portion of the acids that have been employed in effecting the 
solution. Beside iron, and a portion of the ammonia-muriate 
of platinum, it contains, also, other metals in very small pro- 
portion. 

1. Let a cylinder, or thin plate of zine, or iron, be im- 
mersed in the solution. It will separate all the metals that 
are present, in the state of a black powder. Wash the pre- 
cipitate (without drying it) with very dilute nitric acid, as- 
sisted by a gentle heat, which will dissolve the copper and 
lead. Digest the remainder in dilute nitro-muriatic acid ; 
and to the solution, when completed, add a portion of muriate 
of soda, equivalent in weight to about one-fiftieth the ore of 
platinum employed. Evaporate by a gentle heat. ‘The dry 
mass contains the soda-muriates of platinum, palladium, and 
rhodium; the two former of which may be separated by al- 
cohol, and the salt of rhodium will remain dissolved. From 


\ 
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this solution the rhodium may be precipitated by zinc, which 
throws down a black powder, amounting, in weight, to four 
cane from 400 of the ore. 

2. When exposed to heat, the powder continues blacks 
with borax it acquires a white metallic lustre, but appears in- 
fusible by any degree of heat. It is rendered fusible by ar- 
senic, and also by sulphur; both of which may be expelled by 

a continued heat; but the metallic button, wont obtained, is 
not malleable. 

3. ‘The specific gravity of rhodium, as near as it could be 
taken, was 11. 

4. By a very intense heat, produced in a wind furnace, 
Messrs. Stodart and Faraday have lately succeeded in effect- 
ing its fusion. 

5. Rhodium uaites readily with all the metals that have 
been tried, excepting mercury. It does not discolour gold, 
when alloyed with it. Its alloy with steel has been described 
in section 16. 

6. When an alloy of silver or etd with rhodium is digested 
in nitric or nitro-muriatic acid, the rhodium remains un- 
touched ; but when alloyed with three times its weight of bis- 
muth, copper, or lead, each of these alloys may be dissolved 
completely, ina mixture, by measure, of two parts muriatic 
acid with one of nitric. _ Lead appears preferable, as it forms 
by evaporation an insoluble chloride. ‘The chloride of rho- 
dium then exhibits the rose colour, from which the name of 
the metal has been derived. It is soluble in alcohol. 

7. Rhodium is not precipitated from its solution by ferro- 
prussiate of potassa, nor by muriate of ammonia, nor by hy- 
‘drosulphuret of ammonia. The carbonated alkalis produce 
no change; but the pure alkalis precipitate a yellow oxide, 
soluble in all acids that have been tried. 

Berzelius has described three ie in of this metal, com- 


posed as follows: 
Metal. Oxygen. 


Protoxide: .¢6e«. se 100- + 6.71 
Deutoxide ........ 100 + 13.42 
Pere. ooo as ein <b OO... 2043 


The existence of these oxides is not, however, sufficiently 
LZ 
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established, to enable us to determine the equivalent number 
of rhodium. | | 

IJ. Patuapium. 1. The alcoholic solution (I. 1.) contains 
the soda-muriates of palladium and platinum. ‘The latter me- 
tal may be precipitated by muriate of ammonia; and pailadium 
may be obtained from the remaining liquid, by the addition of 
prussiate of potassa, which occasions a sediment, at first of a 
deep orange colour, and changing afterwards to a dirty bottle- 
green, owing, probably, to the presence of iron. The pre- 
cipitate is to be ignited, and purified from iron, by cupellation 
with borax. 

2. Amore simple method of obtaining palladium has since 
been described by Dr. Wollaston.* To a solution of the ore 
of platinum in nitro-muriatic acid, neutralized by evaporating 
the redundant acid, or by adding an alkali, and either before 
or after the separation of the platinum by muriate of ammonia, 
let prussiate of mercury be added. In a short time the liquid 
becomes yellow, and a flocculent precipitate is gradually 
formed ofa pale yellowish white colour, which is the prussiate 
of palladium. This, on being heated, yields the metal in a 
pure state, in the proportion of four-tenths or five-tenths of 
a grain from every hundred grains of the ore. 

' 8. Vauquelin has, also, proposed a method of separating 
rhodium and palladium from the ore of platinum. His pro- 
cess, which is less simple than the second method of Dr. Wol- 
laston, is described at length in the 4th and 7th volumes of 
Dr. Thomson’s Annals of Philosophy. 

On examining some ore of platinum, brought from the gold 
mines of Brazil, Dr. Wollaston discovered in it small frag- 
ments of native palladium, which appear to be~free from ad- 
mixture with every other metal, except a very minute portion 
of iridium. These fragments differ from the grains of pla- 
tinum, in being formed of fibres, which are in some degree 
divergent from one extremity. This external character Dr. 
Wollaston deems sufficient for distinguishing the metal, in si- 
tuations where recourse cannot be had to experiment.f —. 

Mr. Cloud, assay-master of the American mint, has, also, 


e Phil, Mag. xxii. 972, or Phil, Trans. 1805. + Phil. Trans. 1809. 
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discovered palladium in a native alloy of gold with that me- 
tal.* The alloy contained no other metal, and was perfectly 
free from its common ingredients, copper and silver. 

4. The following are the properties of palladium. 

(a) Its colour resembles that of platinum, except that it is 
of a duller white. It is malleable and ductile. Its specific 
gravity varies from 10.972 to 11.482. Its power of conduct- 
ing caloric is nearly equal to that of platinum, which it rather 
surpasses in expansibility by heat. 

(4) Exposed in an open vessel, to a greater degree of heat 
than is required to melt gold, no oxidizement ensues; and no 
degree of fusion takes place. On increasing the fire con- 
siderably, a melted button is obtained, and the specific gravity 
is increased to 11.871. The metal, in this state, has a greyish 
white colour. Its hardness exceeds that of wroughtiron. By 
the file it acquires the brilliancy of platinum; and is malleable 
to a great degree. 

Berzelius has stated that 100 parts of palladium unite with 
14.209 parts of oxygen. Hence the oxide consists of 


Palladium 52. Sese<s OL 00 
Oxygen C500 G CPOlON C 12.44 


100. 


(c) Palladium readily combines with sulphur. The com- 
pound is whiter than the separate metal, and is very brittle. 
It has been investigated by Berzelius, and shown to be com- 
posed as follows: 


Palladium........ 78.03 e@o2 @@e0 100. 
SHOT oa. 0a acotenniese Soldcu le, essen oth act Oot O 


100. 128.15 
The equivalent number for the metal, deducible both from 
the oxide and sulphuret, is 56.2. We may, therefore, denote 
the weight of its atom by 56; that of the oxide by 64; and of 
the sulphuret by 72. 
(d) Palladium unites with potassa by fusion, and also with 
soda, but less remarkably. Ammonia, allowed to stand over 


* 74 Ann. de Chim. 99. 
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it for some days, acquires a bluish tinge, and holds, in solution, 

a small portion of oxide of palladium. is 

(ce) Sulphuric acid, boiled with palladium, acquires a beau- 
tiful blue colour, and dissolves a portion of the metal. ‘The 
action of this acid, however, is not powerful; and it cannot 
be considered as a fit solvent for palladium. | 

(f) Nitric acid acts with much greater energy on palla- 
dium. It oxidizes the metal with somewhat more difficulty 
than it acts on silver; and, by dissolving the oxide, forms a 
very beautiful red solution. During this process no nitrous 
gas is disengaged. Nitrous acid has a more rapid action on 
palladium than the nitric. From these solutions, potassa 
throws down an orange coloured precipitate, which is pro- 
bably a hydrate. 

(g) Muriatic acid, by being boiled on — acts upon 
it, and acquires a beautiful red colour. 

(h) But the appropriate solvent of palladium is nitro-mu+ 
riatic acid, which acts upon the metal with great violence, 
and yields a beautiful red solution. 

(t) From all the solutions of palladium in acids, a preci- 
pitate may be produced by alkalis and earths. These pre- 
cipitates are mostly of a fine orange colour; are partly dis- 
solved by some of the alkalis; and that occasioned by am- 
monia, when thus re-dissolved, has a greenish blue colour. 
Sulphate, nitrate, and muriate of potassa, produce an orange 
precipitate in the salts of palladium, as in those of platinum; 
but the precipitates from nitrate of palladium have generally 
a deeper shade of orange. All the metals, except gold, 
platinum, and silver, cause very copious precipitates in so- 
lutions of palladium. Recent muriate of tin produces a dark 
orange or brown precipitate from neutralized salts of pal- 
ladium, and ‘is a very delicate test of this metal. Green 
sulphate of iron precipitates palladium in a metallic state; 
and, if the experiment succeed, the precipitate is about equal 
in weight to the palladium employed. Ferro-prussiate of 
potassa causes an olive-coloured precipitate. The prussiate of 
palladium, separated by a neutral solution of prussiate of 
mercury, has the property, when heated to about 500° of 
Fahrenheit, of detonating, with a noise similar to that oc- 
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casioned by firing an equal quantity of gunpowder. Hydro- 
sulphurets, and water impregnated with sulphureted hydrogen 
gas, occasion a dark brown sediment from solutions of pal- 
ladium. 

(k) Palladium readily combines with other metals. It has 
the property, in common with platinum, of destroying the 
colour of gold, even when in a very small proportion Thus 
one part of platinum, or palladium, fused with six of gold, re- 
duces the colour of the gold nearly to that of the white metal 
employed. 

Dr. Wollaston has furnished an alloy of gold and palla- 
dium for the graduation of the magnificent circular instru- 
ment, constructed by Mr. Troughton, for the Greenwich obser= 
vatory. It has the appearance of platinum, and a degree 
of hardness, ‘whieh peculiarly fits it for receiving the gradua- 
tions. 


ae 


SECTION XXXVIII. 
Tridium and Osmium. 

WueEn the ore of platinum has been submitted to the action 
of nitro-muriatic acid, a part remains undissolved, in the 
form of a black powder, resembling plumbago. In this sub- 
stance, the late Mr. Smithson Tennant discovered two new 
metals. The process, which he employed to separate them, 
was the following: 

I. 1. The powder was fused in a silver crucible with pure 
soda, and the alkali then washed off with water. It had ac- 
quired a deep orange or brownish yellow colour, but much 
of the powder was undissolved. ‘Phe residue was digested in 
muriatic acid, and a dark blue solution obtained, which 
afterwards became of a dusky olive-green; and, finally, by 
continuing the heat, of a deep red colour. By the alternate 
action of the acid and alkali, the whole of the powder ap- 
peared capable of solution. 

2. The alkaline solution contained the oxide of a volatile 
metal not before described ; and also a small portion of another 
metal. When the solution was kept some weeks, the latter 
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metal separated spontaneously in thin dark-coloured flakes. 
The acid solution contained both metals also; but principally 
one, which is not altered by muriate of tin, is precipitated of a 
dark brown colour by pure alkali; and which exhibits, during 
solution in muriatic acid, a striking variety of colours, arising 
from variations in its degree of oxidation. From this pro- 
perty Mr. Tennant terms it rriprum. The proportion of 
oxygen in its oxide, and consequently its equivalent, still re- 
main to be determined. 

8. In order to obtain muriate of iridium, free from the 
other metal, the acid solution (2) was evaporated, and an 
imperfectly crystallized mass obtained; but this, dried on 
blotting-paper, and again dissolved and evaporated, gave 
distinct octahedral crystals. The watery solution of these 
crystals had a deep red colour, inclining to orange. With 
infusion of galls no precipitation ensued; but the colour 
almost instantly disappeared. Muriate of tin, carbonate of 
soda, and prussiate of potassa, had the same effect. Pure 
ammonia precipitated the oxide, but retained a part, and 
acquired a purple colour. All the metals, except gold and 
platinum, precipitated iridium of a dark colour from the mu- 
riate which had lost its colour. 

4. Iridium was obtained pure by heating the muriate, which 
expelled both the acid and the oxygen. It was of a white 
colour and perfectly infusible. But Mr. Children has since 
fused it by his immense galvanic battery into a metallic 
globule, which was white, very brilliant, and, though porous, 
had the high specific gravity of 18.68.* It did not combine 
with sulphur or arsenic. Lead united with it, but was se- 
parated by cupellation. Copper, silver, and gold, were 
severally found to combine with it, and it could not. be se- 
parated from the two latter by cupellation with lead.—Its 
other properties remain to be examined. 

II. 1. Osmium was procured in the state of an oxide, by 
simply distilling the alkaline solution, obtained as already 
described (I. 1.). along with any acid. It was even found 
to escape, in part, when water was added to the dry alkaline 


* Phil. Trans, 1815, p- 870. 
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mass remaining in the crucible; and was manifested by a 
pungent and peculiar smell, somewhat resembling that of 
chlorine gas, from which property its name has been derived. 
The watery solution of oxide of osmium is without colour, 
having a sweetish taste, and the strong smell already alluded 
to. Another mode of obtaining, still more concentrated, the 
oxide of osmium, is by distilling the original black powder 
with nitre. A solution of oxide of osmium in water is found 
in the receiver, of such strength as to give a stain to the skin 
that cannot be effaced. The most striking test of this oxide 
is an infusion of galls, which presently becomes of a purple 
colour, and afterwards changes to a deep vivid blue. With 
pure ammonia, the solution becomes somewhat yellow; and 
slightly so with carbonate of soda. With alcohol, or still 
more quickly with ether, it acquires a dark colour, and, after. 
some time, separates in the form of black films. 

M. Laugier having observed that nitro-muriatic acid, which 
has been employed to dissolve platinum, emits a strong odour 
of osmium, distilled the liquor, and saturated the product 
with quicklime; after which, by again distilling the liquid, he 
obtained a quantity of osmium sufficient to repay the trouble 
of the process.* 

2. The oxide of osmium, the precise composition of which 
is unknown, gives up its oxygen to all the metals, excepting 
gold and platinum. When its solution in water is shaken 
with mercury, the solution loses its smell; and the metal, 
combining with the mercury, forms an amalgam. From 
this, much of the redundant mercury may be separated by 
squeezing it through leather, which retains the amalgam of 
a firmer consistence. ‘The mercury being distilled off, the 
osmium remains in its metallic form, of a dark grey or blue’ 
colour. By exposure to heat, with excess of air, it evaporates 
with its usual smell; but, if oxidation be effectually pre- 
vented, it does not seem in any degree volatile. Being sub- 
jected to a strong white heat, in a cavity made in a piece of 
charcoal, it is not melted, nor does it undergo any change. 
With gold and silver it forms malleable alloys. These are 


* 39 Ann. de Chim. p. 191. 
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easily dissolved in nitro-muriatic acid; and by distillation 
give the oxide of osmium with its usual properties. It is ca- 
sdalalig also, of being alloyed with steel, as has already been 
stated in section 16. 

8. The pure metallic osmium, which had been previously 
heated, does not seem to be acted upon by acids; at least no 
effect is produced by boiling it some time in nitro-muriatic 
acid. By heating it in a silver cup with alkali, it immedi- 
ately combines with the alkali, and this compound gives, with 
water, a yellow solution, similar to that from which it had 
been procured. From this solution, acids expel the oxide of 
osmium, having its usual smell, and possessing the property 
- of changing to a vivid blue the infusion of galls. 

Besides the black powder from which osmium is obtained, 
Dr. Wollaston has discovered a separate ore of these two 
metals, mixed with the grains of crude platinum. The spe- 
cific gravity of this ore is about 19.5, and therefore exceeds 
that of crude platinum itself, which is only 17.7. The grains 
are about the size of those of crude platinum, but are consi- 
derably harder; are not at all malleable; and appear to con- 
sist of lamine, possessing a peculiar lustre. , 

The discovery of Mr. Tennant, and the accuracy of his re= 
sults, if they had required confirmation, have received it from 
an elaborate investigation of Vauquelin, whose memoir is pub- 
lished in the 89th volume of the Annales de Chimie, and in 
the sixth volume of Dr. Thomson’s Annals. Other methods 
of extracting the four rarer metals (palladium, rhodium, 
iridium, and osmium), from the ore of platinum, have been 
since described, also, by M. Baruel. (See Quarterly hater 


xii. wa. ) 
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SECTION XXXIX, 
Nickel. 


To obtain pure nickel, Dr. Thomson has employed with 
suecess the following process, the outline of which was sug- 
gested to him by Dr. Wollaston. Reduce to coarse powder 
a quantity of the brittle reddish alloy, known in commerce by 
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the name of speiss, which is chiefly a compound of arsenic 
and nickel ; pour upon it a quantity of dilute sulphuric acid ; 
place the mixture in a Wedgewood’s evaporating dish, and 
add, at intervals, the quantity of nitric acid requisite to enable 
the acid to act upon the speiss. By this operation, a deep 
grass-green liquid is obtained, while a considerable quantity 
of arsenious acid remains undissolved. Decant the green 
liquid, and evaporate it till it is sufficiently concentrated to 
yield crystals, when it is to be set aside in a cool place. A 
deposit of beautiful crystals of sulphate of nickel will be ob- 
tained. By concentrating the liquid still farther, more crystals 
of sulphate of nickel sil fall; but after a certain time the 
liquid, though its colour continues dark green, refuses to yield 
any more crystals of the sulphate. When evaporated still 
farther and set aside, a very abundant deposit 1s made of an 
apple-green salt, which adheres very firmly to the evaporating 
dish, and which is a double salt consisting of sulphate of 
nickel and arseniate of nickel. Dissolve this in water, and 
pass a current of sulphureted hydrogen gas through it, as 
long as any precipitate appears. Filter and evaporate again, 
when it will still be converted into an apple-green matter. 
When this is dissolved in water, the liquid becomes opake, 
owing to the separation of a quantity of arsenious acid. The 
liquid, being filtered and again evaporated, yields crystals of 
true sulphate of nickel. For greater security, the whole of 
the sulphate of nickel, which has been obtained, may be re- 
dissolved and cr ystallized a second time. 

The puré sulphate is next to be dissolved in water, and de- 
composed by carbonate of soda. The carbonate of nickel, when 
well washed and dried, is a light green coloured powder. To 
reduce the metal, this carbonate is to be made up into balls 
with a little oil, which is to ve put intoa Hessian crucible,'and 
surrounded with powdered charcoal. A cover is to be luted 
on the crucible, and it is to be exposed, for two hours, to the 
strongest heat that can be raised in a melting furnace. By 
this process, Dr. Thomson has always obtained a: button of 
pure nickel in the metallic state. (Ann. of Phil. xiv. 144.) 

Dr. Clarke, of Cambridge, has also shown that the crystals 
of nitrate of nickel, when placed in a cavity scooped out of a 
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piece of charcoal, and exposed to the oxy-hydrogen blow- 
pipe, afford a bead of metallic nickel. ‘This, however, is a 
process obviously adapted to yield only very minute quantities 
of nickel. (Ann. of Phil. xiv. p. 142.) 

Other processes, for obtaining and purifying nickel, are 
described by Richter in the 12th volume of Nicholson’s Jour- 
nal; by Robiquet in the 69th, and by Tupputi in the 78th, vo- 
lumes of the Annales de Chimie; and by Mr. Mill in the 
Annals of Philosophy, N. S. iii. 201. The memoir of Tupputi 
contains an elaborate investigation of the properties and coin- 
binations of nickel. 

Pure nickel has the following characters: 

Its colour is white, and intermediate between those of silver 
and tin. It admits of being finely polished, and has then a 
lustre between those of steel and platinum. When ignited, 
its colour changes to that of antique bronze, which is increased 
“every time the metal is heated. 

It is perfectly malleable, and may be forged when hot into 
bars, and hammered into plates when cold. At 541° Fahr., 
Tourte found its specific gravity 8.402, and, after being 
thoroughly hammered, 8.932. It is ductile, and may be drawn 
into very fine wire. It cannot easily be soldered, on account 
of the oxide which forms on its surface when heated. Its 
power of conducting heat is superior to that either of copper 
or zinc. It obeys the magnet, and is itself capable of be- 
coming magnetic, properties which are retained even when 
it is alloyed with a little arsenic, and, as Lampadius has 
shown,* with other metals. In difficult fusibility by heat, it 
appears to equal manganese. 

Oxides of Nickel.—Nickel appears to be susceptible of two 
different states of oxidation. By long exposure to a red 
heat, with free access of air, it is converted into a dark brown 
oxide, which is still magnetic. In oxygen gas, it burns 
vividly, and throws out sparks. When precipitated from its 
solutions by alkalis, and moderately ignited, it becomes of an 
ash-grey colour with a slight tinge of blue or ereen, and in 
this state consists, according to Klaproth, of 100 metal + 
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51.5 oxygen. By farther ignition, it becomes blackish grey, 
and then consists, as stated by Richter, of 100 metal and 28.2 
oxygen. Tupputi, from 100 grains of nickel dissolved in 
nitric acid, precipitated by a fixed alkali, and calcined, ob- 
tained 127 grains of an ash-grey powder, which is to be con- 
sidered as the proloxide. Hence it is composed of 
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The atom of protoxide will be represented then by 37.5, or 
in round numbers by 38; and 30 may be taken as the equi-- 
valent of the metal. 

Thenard describes also a black peroxide of nickel, obtained 
by passing a current of chlorine gas, through water in which 
the hydrate is suspended. Its precise composition is unknown; 
but it has been stated by Rolhoff to contain 14 times as much 
oxygen as the protoxide, to which he assigns 27.255 oxygen 
on 100 of the metal. The peroxide, therefore, should consist 
of 100 nickel + 40.882 oxygen. In a sufficiently high tem- 
perature, these oxides are reducible without addition ; nor is 
nickel more tarnished by a strong heat than gold, silver, or 
platinum. It ranks, therefore, among the noble or perfect 
metals. 

Salts of Nickel. 

Chloride.x—Nickel, when heated in chlorine gas, affords an 
olive coloured compound, which is probably a bi-chloride, con- 
stituted of 30 nickel + 72 chlorine. ‘The muriate of nickel, 
when evaporated and strongly heated, affords brilliant yellow 
scales, which are probably the proto-chloride; but the analysis 
of these compounds has not been particularly attended to. 

Iodide of nickel may be formed by precipitating any solution 
of nickel with hydriodate of potassa, Itis insoluble and of a 
green colour. 

The sulphuric and muriatic acids have little action on 
nickel; but the former is enabled to dissolve it by additions of 
nitric acid, made in successive portions till the solution is 
complete. Sulphate of nickel is a beautiful green salt in 
quadrangular prisms, which are not altered by exposure to the 
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atmosphere. It has a sweetish and astringent taste; and is 
soluble in three times its weight of water at 60°. Dr. 
Thomson (Ann. of Phil. i. 250,) has analyzed this salt, with 
a. view to ascertain the equivalent number of nickel, which he 
deduces to be 3.25 = 26, oxygen being considered as 8. The 
sulphate he finds to consist of 
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The appropriate solvents of nickel are the nitric and nitro- 
muriatic acids. The nitric solution has a beautiful grass- 
green colour, and on evaporation affords rhomboidal crystals, 
which have not been precisely analyzed. Carbonate of potassa 
throws down an apple-green precipitate, which assumes a dark 
grey colour when heated. ‘The fixed alkalis occasion a bulky 
greenish white precipitate, which is a hydrate or hydro-oxide 
of nickel, composed of 76 per cent. of the protoxide and 24 
water. 

When pure ammonia is added to nitrate of nickel, a preci- 
pitate is formed, resembling that which is separated by am- 
monia from a solution of copper, but not of so deep a hue. 
This-colour changes, in an hour or two, to an amethyst red, 
and to a violet; which colours are converted to apple-green 
by an acid, and again to blue and violet by ammonia. If the 
precipitate retain its blue colour, the presence of copper is 
indicated.* This precipitate, which is a hydrate, is redissolved 
by an excess of ammonia; and by this property the oxide of 
nickel may be separated, in analyses, from those of almost all 
other metals. 7 

From the solutions of nickel, i ialeaaladite of potassa throws 
down a sea-green precipitate. According to Bergman, 250 
parts of this contain 100 of metallic nickel. This statement, 
however, differs considerably from Klaproth’s, according to 
whom 100 grains of nickel, after solution in sulphuric acid, 


* See Richter in Nicholson’s Journal, xii, 
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give a precipitate by prussiate of potassa, which, after being 
ignited, weighs 300 grains. 

’ Tincture ‘of galls produces no change in solutions of nickel, 

Arseniate of potassa precipitates from the nitrate a pale 
green arseniate of nickel; soluble, according to Berzelius 
(Ann. de Chim. et Phys. xvii. 220), in pure ammonia. From 
this solution, potassa throws down a compound of oxide of 
nickel with potassa, and the acid of arsenic remains united 
with the alkali. 

The solutions of nickel do not deposit the metal either on 
polished iron or zinc.* All that takes place by the action of 
zine, is the separation of a mud-coloured precipitate, consist- 
ing, for the most part, of arsenic and iron, with which nickel 
generally abounds. Hence the green colour of the solutions 
of nickel is greatly improved by the action of zinc. 

Sulphurets of Nickel.—Solutions of all the salts of nickel are 
decomposed by alkaline hydro-sulphurets, with which they 
form black precipitates; but sulphureted hydrogen has no 
effect on them. Nickel may, however, be combined directly 
with sulphur by fusion, and forms a grey compound with a 
metallic lustre. The proto-sulphuret contains, according to 
Mr. E. Davy’s experiments, 34 per cent. of sulphur; and the 
bi-sulphuret, which may be formed by heating the protoxide 
with sulphur, is stated, by the same chemist, to contain 43.5 
per cent. of sulphur. In the proto-sulphuret, therefore, 100 
of metal are united with 51.5 sulphur, which, divided by 2, is 
not very remote from the oxygen stated by ‘Tupputi as con- 
stituting protoxide. ‘The analysis of the bi-sulphuret, how- 
ever, is not agreeable to any atomic proportions. 

Carluret.—Nickel is susceptible of uniting with carbon, and 
is apt indeed to form this union when reduced from its salts 
by carbonaceous matter. According to Mr. Ross, it forms a 
“ees resembling iodine or micaceous iron ore. (Ann. of 
Phil. N. S. ii. 62, 149, and iil. 201.) . 

re may be alloyed with most of the metals, but the 
compounds have no particularly interesting qualities. An 
alloy of iron and nickel has been found in all the meteoric 


* See Klaproth’s Analytical Essays, 1, 433. 
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stones that have hitherto been analysed, however remote from 
each other the parts of the world in which they have fallen. 
In these, it forms from 14 to 17 per cent. of their weight, It 
enters, also, into the composition of the large masses of native 
iron discovered in Siberia and in South America; and was 
found by Mr. Brande to the extent of 3 per cent. in native 
iron brought from the Arctic regions. 

To detect, in a general way, the presence of nickel in iron, 
Dr. Wollaston recommends that a small quantity (which need 
not exceed +1, of a grain) should be filed from the specimen ; 
dissolved in a drop of nitric acid; and evaporated to dryness. 
A drop or two of pure liquid ammonia, added to the dry mass 
and gently warmed, dissolves any nickel that may be present. 
The transparent part of the fluid is then to be led, by the end 
of a glass rod, to a small distance from the precipitated oxide 
of iron; and the addition of a drop of triple prussiate of 
potassa detects the presence of nickel by the appearance of a 
milky cloud, which is not discernible in the solution of a 
similar quantity of common wrought iron treated in the same 
manner. ‘The method of ascertaining with precision the 
quantity of nickel in its alloy with iron, employed by the same 
philosopher, will be described in the chapter on mineral. 
analysis. 
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CHAPTER X. 
VEGETABLE SUBSTANCES. 


VEGETABLE substances, though distinguished from each 
other by peculiar characters, present several circumstances of 
agreement as to chemical properties. Oxygen, hydrogen, 
and carbon are their principal ingredients, to which a certain 
proportion of nitrogen is sometimes added ; and variations in 
the proportions, and mode of combination, of these elements, 
occasion the great diversity, which subsists among the pro- 
ducts of the vegetable kingdom. ‘They are all susceptible of 
decomposition by heat alone; but we cannot always, as in 
bodies of the mineral kingdom, proceed from a knowledge 
of their components to the actual formation of the substances 

‘themselves. It is not probable, indeed, that we shall ever 
attain the power of imitating nature in these operations. For 
in the functions of a living plant, a directing principle appears 
to be concerned, peculiar to animated bodies, and superior to, 
and differing from, the cause which has been termed chemical 
affinity. 

The distinction (as has been well observed by Berzelius*) 
between inorganic and organic compounds appears to be this. 
The inorganic are composed either of combustible bodies only, 
or of one or more of those bodies in the state of oxides. When 
constituted of the latter, each combustible base is united with 
a portion of oxygen, which belongs exclusively to it, ‘and 
which accompanies it, when it is detached from combination. 
If, for example, we resolve sulphate of potassa into its imme- 
diate principles, the oxygen, which with the sulphur consti- 
tutes sulphuric acid, and that, which exists in potassa, remain 
attached to the combustible bases, sulphur and potassium. 
But in organic compounds containing oxygen as an element, 
we have two or more combustible bases, united to one por- 


* 80 Ann. de Chim. 37, 
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162 VEGETABLE SUBSTANCES. CHAP. X. 


‘tion of oxygen, which cannot be said to belong more to the 
one base, than to the other; and which would not suffice to 
bring any one of those bases to its maximum of oxidation. 

The productions, of which I am about to offer the che- 
mical history, may be regarded as the immediate or proximate 
principles of vegetables; for we may presume, generally speak- 
ing, that they exist in the living plant in a state identical with 
that, under which chemical processes exhibit them. It is not 
so when we proceed to the witimate analysis of vegetables; for, 
in that case, we obtain compounds, which formed no part of 
the vegetable structure, and which result from an entirely new 
arrangement of the elements composing it. Acetic and car- 
bonic acids, for example, are obtained by the destructive dis- 
tillation of several vegetable substances, in which neither of 
those acids existed ready formed, but only their elements. 

The destructive distillation of vegetables, or the subjecting 
them to-the action of heat in close vessels, with a view to 
collect both the condensible and acriform products, was, until 
within a few years past, the only method employed to deter- 
mine the proportion of their ultimate elements; but more re- 
fined and perfect modes of analysis were introduced by Gay 
Lussac and Thenard, which have afforded results much more 
deserving of confidence.* ‘The object of these improved pro- 
cesses, whicl are equally applicable to vegetable and animal 
substances, is to convert the whole of the carbon into carbonic 
acid, and the whole of the hydrogen into water, by means of 
some compound containing oxygen in so loose a state of union, 
as to give it up to those bases at the temperature of ignition. 
The following illustrations are intended to explain the ration- 
ale of the process, 


Ultimate Analysis of Organic Substances. 


1. If we have charcoal only, mixed with incombustible 
matter, and wish to determine its quantity, all that is neces- 
sary is to expose a known weight of the substance under exa- 
mination, in a state of perfect mixture with a fit oxide, toa 
red heat, and to collect the carbonic acid. From the volume 
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of this gas, its weight may be easily calculated (see vol. i. 
p. 341.); and of this weight six parts in 22 are pure carbon. 

2. Let us next suppose that we are operating on a com- 
pound of charcoal with hydrogen. ‘This, if solid, must be 
mixed with an excess of the oxidated substance which is em- 
ployed, and the carbonic acid collected as before. Calculat- 
ing, by the same method, the quantity of charcoal which it 
contains, we obtain the weight of one element of cur unknown 
compound; and this, deducted from the weight which was 
submitted to experiment, gives the weight of the remaining 
element, hydrogen. To attain greater certainty, the water, 
which is formed, may be actually collected, by a proper addi- 
tion to the apparatus, either at the same operation with the 
carbonic acid, or at another, performed expressly for the pur- 
pose. Of this water, one part in nine is hydrogen. ‘The 
carbon, calculated from the carbonic acid, and the hydrogen 
from the water, should together make up precisely the weight 
of the compound on which we have operated. 

3. A third case may be supposed,'in which carbon and 
hydrogen are united with oxygen, but yet not with enough to 
convert them entirely, at a high temperature, inte carbonic acid 
and water. In this case, the first steps of the operation are 
the same as before. But on summing up the results, the 
weight of the carbon and hydrogen, discovered in the pro- 
ducts, will be found to fall short of the weight of the substance 
submitted to experiment. If no other product has been 
formed, beside water and carbonic acid, the deficiency may 
safely be placed to the account of oxygen. For example, if 
from 10 grains of a supposed compound of hydrogen and 
carbon we obtain, by ignition with an oxide, 22 grains of 
carbonic acid and 9 grains of water, these are equivalent to 
6 grains of carbon and 1 of hydrogen: but 6 + 1 = 7 leave 
a deficiency of 3 grains, which may be inferred to be oxygen. 
To verify this conclusion, if at all doubtful, it may be proper 
to examine what quantity of oxygen has been lost by the 
oxide employed to effect decomposition ; and if this fall short 
of the oxygen contained in the carbonic acid, and in the 
water, then the quantity required to make up the sum, must 
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have previously existed in the subject of analysis. Tor in- 
stance, in the supposed case, we find 16 grains of oxygen in 
the carbonic acid and 8 in the water obtained, together 24; 
but if the oxide can be shewn by experiment, to have lost 
only 21 grains, we may safely conclude that 8 grains pre- 
existed in the compound. 

4. In a few vegetable substances, and in almost all animal 
ones, beside carbon, hydrogen, and oxygen, azote or nitrogen 
exists as a component, and its quantity requires to be deter- 
mined, With a proper attention to the details of the process, 
this fourth element may be obtained in the state of a gas, 
which remains afier absorbing the carbonic acid by solution 
of potassa, and the oxygen (if any) by a fit agent. From the 
volume of the gas, its absolute weight may easily be calculat- 
ed. (See vol. i. p. 282.) 

Such is an outline of the process employed for the decom-~ 
_ position of vegetable and animal substances, divested of all 
details for the purpose of rendering its objects and results more 
intelligible. ‘These details, however, are of considerable im- 
portance in practice, and will, therefore, be presently stated at 
length. It may be proper, however, first to remark, that all the 
analyses which have been thus performed, and which are worthy 
of confidence, conspire to prove that the elements of organized, 
like those of inorganic matter, are united in definite prepor- 
tions ; and farther, that the law of simple multiples holds strictly 
with respect to the elements of organic bodies. We may 
derive, therefore, as has been well observed by Dr. Prout, the 
most valuable assistance in our researches into organic com- 
pounds, from the use of Dr. Wollaston’s scale of chemical 
equivalents.* To fit it for this purpose, he recommends that it 
be extended a little, by pasting two slips of drawing paper on its 
edges, of such a breadth as just to lap over and cover the mar- 
gins containing the names of the chemical substances generally 
marked upon it, and to coincide with the graduated edges of the 
slide. On these slips of paper are to be marked the multiples 
of an atom of oxygen, hydrogen, and carbon, from one to ten ; 
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and of azote from one to four or five or more. Thus prepared, 
it will be easily applied, by all who are acquainted with the 
principle of the instrument, to the purposes of facilitating and 
verifying analyses, the results of which can only be correct 
when they agree with some of the proportional numbers, 
marked upon the scale. For example, an analysis showing 48 
parts of oxygen, 6 of hydrogen, and 36 of carbon, in a vege- 
table compound, or quantities proportional to these, agrees 
with six atoms of each of those elements. But such an alter~ 
ation of any of those numbers as would indicate the fraction 
of an atom (the reduction of the carbon, for instance, to 34) 
would be inconsistent with the law of simple multiples, and 
would suggest the necessity of a _- appeal to experi- 
ment. 

The agent, first employed by Gay Lussac and Thenard in 
the combustion of organic substances, was the chlorate of 
potassa, (vol. i. p. 513) applied by means of an ingenious ap- 
paratus, which is described in the second volume of their 
Recherches Physico-chimiques, and also in Mr. Children’s trans- 
lation of Thenard on Chemical Analysis. For chlorate of 
potassa, Gay Lussac afterwards substituted the perowide of 
copper, which, being found to afford more accurate results, with 
a less complicated apparatus, and fewer difficulties of manipu- 
lation, is now generally preferred, especially in the analysis of 
animal compounds. Peroxide of copper may be prepared for 
this purpose by calcining on a muffle the scales or filings of 
that metal, pulverizing them repeatedly, and again spreading 
them on the muffle; or by calcining the nitrate of copper at 
a low red heats -Several variations in the method of proceed- 
ing have been recommended by different experimenters. The 
he k for containing the mixture of the oxide and body to be 
analysed, is by some preferred of copper, by others of glass ; 
and the heat has been applied, either by encompassing the 
tube with burning charcoal, or with the flame of a spirit lamp. 
Glass tubes of abot 1-3d of an inch bore, or of a diameter 
adapted to the quantity operated upon, seem, on the whole, to 
be preferable to metallic ones; and the heat of a spirit lamp, 
used in the most improved manner, appears to me adequate to 
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effect a complete decomposition of most vegetable and animal 
compounds. 

If the substance be a solid, from 3 to 5 grains carefully 
dried, (which is best done by placing it in fine powder under 
an exhausted receiver along with sulphuric acid,)* are to be 
triturated in a glass or porphyry mortar, first by themselves, 
and then with 120 to 200 grains of the peroxide of copper; 
added by degrees, so that the substance and the oxide may be 
thoroughly incorporated. This mixture must be transferred, 
with the most scrupulous care to avoid loss, into the glass 
tube, and a little more of the protoxide must be triturated in 
the mortar, to collect any remains of the substance under 
analysis, and then added to the contents of the tube. Over 
these, 20 or 30 grains of the peroxide may be placed; and 
the remainder of the tube may be filled with perfectly dry 
amianthus. The peroxide should either have been recently 
cooled from a state of ignition, or, as advised by Dr. Ure, 
have been suffered to imbibe all the moisture it is capable of 
absorbing from the air, and assayed for the quantity, which, 
in that case, must be deducted from the loss of weight, sus-_ 
tained by the peroxide in the experiment. ‘To operate on a 
fluid, Dr. Ure incloses it in a smail glass bulb capable of 
holding three grains of water, and noe a small pointed 
Be 5p It is easy to fill such a bulb by fc expelling the air 
from it by heat, and then immersing its orifice in the liquid. 
The bulb thus filled, and carefully weighed, is to be placed at 
the bottom of the tube, and covered with the requisite quan- 
tity of the peroxide of copper. In all cases, the tube, with 
its contents, should be accurately weighed, and its weight 
registered. 

For the purpose of applying heat to the tube, and obtaining 
the gaseous products with only a small quantity of mercury, 
an useful apparatus has been contrived by Dr. Prout. Of this 
I am induced, by having witnessed its successful application in 
his hands, to give the annexed sketch. 


* An apparatus for drying substances in vacuo, at a temperature of 212 
Fahrenheit, is described by Dr, Prout in Ann. of Phil. vi. 272. 
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Two square upright pillars are morticed into a square tray 
(a a at the bottom of the figure) about 3-4ths of an inch deep, 
and are fixed at the top by brass screws into a flat shelf of wood, 
8 in. broad at each end, and 5 in the middle, in which is an oval 
slit or hole 44 inches long and 114 wide, distant 12 inches from 
the right hand extremity of the shelf. Below this is another 
shelf, 4 , which is moveable by a rack and pinion worked by 
a small handle, as shown at f. Into a shallow cavity in this 
shelf is fixed a cistern of copper covered with hard varnish 
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(cast iron would be better) and having a deep cylindrical 
cavity or well at d. “This, to economize mercury, may occa- 
sionally be filled with a plug of wood or cast iron. The 
cistern may be of any convenient dimensions, as 54 long by 1+ 
wide, and in its bottom, an opening is required about 5-8ths 
of an inch diameter for admitting the glass tube g g, which 
is secured in its place by a perforated cork, and is passed 
also through the axis of a brass spirit lamp, which, as well 
as the wick, has a circular hole for the purpose. The lamp 
is placed on a small shelf, perforated also, and moveable by 
the rack and pinion. A small mirror of tin, with the con- 
cave side downwards, is screwed to the bottom of the cistern, 
to guard the cork from being burned by the heat of the 
lamp. At & is a turning button with a semicircular notch 
for securing in an upright position the jar A, which should be 
capable of containing 7 or 8 cubical inches.* 

The tube g g being fixed in its place, and the jar A filled 
with and inverted in mercury, the spirit lamp is set as high 
as its carriage will permit, and lighted. The part of the tube, 
which is surrounded by the burning wick, soon becomes red 
hot, and gas is evolved. When it ceases, to issue, the lamp 
may be gradually lowered, so as to heat successively the whole 
of the tube, and then moved upwards to the top. When this 
has been skilfully performed, the whole of the substance under 
analysis will be found to have been decomposed; but to insure 
accuracy, its contents may be taken out, triturated in a 
mortar, and subjected to a repetition of the same operation. 
The gases obtained must be exposed to the action of liquid 
potassa, which will absorb the carbonic acid. In measuring 
the residue, it will be necessary to equalize the level of the 
mercury within and without the receiver, by immersing it in 
the well d. The residuary gas will probably be nitrogen only, 
but it may be assayed for oxygen by nitrous gas as described 
vol. i. p. 308. The gases must of course be either measured 
at a mean of the barometer or thermometer, or the proper 


* The instrument, from which the drawing was taken, was made by Mr. 
Tuther, Optician, Holborn. 
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corrections made for deviations from these standards, as well 
as for aqueous vapour, by the rules already given vol. i. 
p. 23, &e. 

To collect the water, a separate operation on another pors 
tion of the substance is necessary. When this is done, the 
mercurial cistern may be removed; and such a condensing 
apparatus substituted, as will be obvious to persons conversant 
with chemical processes. 

By the apparatus of Dr. Prout, a part only of the tube 
and its contents can be heated at once. ‘This is of little con- 
sequence when solid bodies are acted upon; but in the de- 
composition of liquids, or of solids yielding liquid products, 
it is desirable to ignite a greater length of the tube at a time. 
To effect this, Mr. Cooper, of Lambeth, employs a lamp, 
which appears to me very well adapted to the purpose, and 
which he permits me to mention. It is of tin, in the shape 
of a parallelopipedon, 8 inches long and 14 square, with 5 
flat wick-holders fixed at equal distances and at a small angle 
with its upper surface, each wick-holder being half an inch 
broad and 3-8ths of an inch high. Of these lamps two are 
hecessary, and they are placed in a small tin tray which is 
raised on four feet, and has a longitudinal slit in the middle 
72 inches long and 3-8ths of an inch wide. On this tray the 
lamps are placed with their wicks opposite to each other ; and 
the tube, containing the mixture to be decomposed, which is 
of green glass, sealed hermetically at one end, from 10 to 14 
inches long, and about the diameter of a small quiil, is placed 
horizontally over the wicks at a suitable distance, one end of 
the tube having been first bent by a lamp into such a form, 
that its open extremity can be placed under a jar inverted in 
mercury. It is easy, as Mr. Cooper was so good as to show 
me, by lighting one or more wicks, and altering the distance 
of the flames from the tube, and of the lamps from each 
other, to modify the application of the heat as the circum- 
stances of the experiment may require. The alcohol, to pre- 
vent its too rapid combustion, Mr. Cooper dilutes with water 
to the sp. gr. of about .860. 

It would not be difficult to combine, in one apparatus, the 
advantages of Dr. Prout’s method of operating with those of 
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Mr. Cooper’s mode. To effect this, the open extremity of 
the tube, placed horizontally over the wicks of the spirit 
lamps, might be admitted into the hole at the bottom of the 
mercurial cistern. The only disadvantage of this method of 
proceeding would be that the open extremity of the distilling 
tube being bent, the contents of the tube could not be got out, 
for a second trituration and ignition, without breaking it, an 
inconvenience which does not exist when a straight tube 1s 
employed as in Dr. Prout’s apparatus. 

Those, who prefer employing the heat of charcoal, will 
find the description of an apparatus, contrived by Dr. Ure 
for that purpose, in the Phil. Trans. for 1822, p. 460. ‘rom 
observation, however, of the effects of the heat obtained by 
the combustion of alcohol, it appears to me fully sufficient, 
with the advantage of being much more manageable than that 
of a charcoal furnace. 

The whole of the operations, connected with the ultimate 
analysis of vegetable and animal substances, require consider- 
able skill; and some practice in them is necessary to enable a 
person, who is even» conversant in the general processes of 
chemistry, to obtain accurate results. A single experiment 
should never be depended upon; but the analysis of each 
substance should be several times repeated, and a mean taken 
of those which do not present any very striking disagreement, 
excluding those results which vary so much from the average, 
as to lead to a suspicion of some failure in the manipulations. 

It may sometimes perhaps, on a first view, excite suspicion 
of the competency of these methods of ultimate analysis to 
afford accurate results, when we remark the very near coin- 
cidence not only with respect to the kind, but even to the 
proportions which have been thus deduced, of the elements of 
substances, differing essentially as to their chemical and sen- 
sible properties. In the instances of gum, sugar, and starch, 
the differences of composition, discovered by the experiments 
of Gay Lussac and 'Thenard, are so extremely small, as not to 
indicate any difference either of the kind or the number of 
elementary atoms. The results, however, are not, in this or 
similar cases, to be pronounced, for that reason only, to be 
inaccurate; for it is probable that in yegetable substances it 
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is not only the number and kind of the respective atoms, but 
the mode of their arrangement, which occasions their distinctive 
characters. This view of the subject is confirmed, when we 
observe the important changes in the properties of vegetable 
substances, and the convertibility of those, which appear so 
nearly allied into each other, by slight causes, such as alter- 
ations of temperature, or weak chemical agents, instances 
of which will be given in the sequel. 

I'rom a review of their experiments on the analysis of 
vegetable substances, Gay Lussac and ‘Thenard deduced the 
following general conclusions: 

I. A vegetable substance is always acid, when the oxygen, 
which it contains, is to the hydrogen, in a proportion greater 
than is necessary to compose water. 

IJ. A vegetable substance is always resinous, or oily, or 
alcoholic, &c. when the oxygen, contained in it, is to the 
hydrogen, in a less proportion than in water. 

Il]. A vegetable substance is neither acid nor resinous, but 
in a state analogous to sugar, gum, starch, lignin, &c. when- 
ever oxygen and hydrogen entcr into its composition in the 
same proportions as in water. | 

Without supposing then, that oxygen and hydrogen exist, 
as water, in vegetables, we may, for the sake of illustration, 
consider vegetable acids, as constituted of carbon, water, and 
oxygen ;—the resins, alcohol, ether, &c. as composed of 
carbon, water, and hydrogen ;—and bodies of the third class, 
as composed of carbon and water only. It should not, how- 
ever, be omitted that some exceptions to the generality of 
these principles have been pointed out by Saussure,* and by 
Mr. Daniell.+ 

The products of the vegetable economy are either situated 
in particular organs or vessels, or are distributed thronghout 
the whole plant. Sometimes they reside in the root or stalk ; 
at others in the bark or leaves; at others they are peculiar to 
the fruit, the flowers, the seeds, or even to particular parts 
of these organs. When thus insulated, they may readily be 
procured in a separate state; and, in several instances, nothing 


Thomson’s Annals, vi. 431. + Quarterly Journ. vi. 326. 
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more is required than the labour of collecting them. ‘Thus 
gum exudes from some trees, and manna issues from the 
branches of others. Sometimes, however, we are presented. 
with a variety of substances mingled together, and requiring 
separation by processes which are sufficiently simple, and 
which consist in repose, filtration, pressure, washing, distilla- 
tion at a gentle heat, solution by water and alcohol, and | 
similar operations, that do not alter the nature of the bodies 
submitted to them. 

The number of principles, which have thus been extracted 
from vegetables, has of late years been greatly enlarged, 
and amounts at present to upwards of forty. Of these, 
the greater part are -certainly entitled, by a train of pro- 
perties sufficiently characteristic, to rank as distinct com- 
pounds. But others seem to be so nearly allied to substances, 
with which we have long been acquainted, that it can serve 
no useful purpose to assign to them a different place in the 
system. ‘The unnecessary multiplication, indeed, of vegetable 
principles contributes rather to retard than to advance the 
progress of this difficult part of chemistry; and it is only in 
cases of decided and unequivocal differences of qualities, that 
we should proceed to the establishment of new species. 


<< 


SECTION If. 


Vegetable Extract, or Extractive. 


Tue term Vegetable Extract is not to be understood in the 
sense which is generally annexed to it, especially in pharmacy, 
as comprehending all those parts of vegetables which may be 
dissolved in water, and obtained in a solid form by evaporating 
the solution; but is now limited to a distinct and peculiar 
substance. ‘This substance may be obtained for the exempli- 
fication of its properties, by evaporating, at a temperature 
below 212°, an infusion of saffron, prepared with boiling 
distilled water. Ixtract, thus procured, has the following 
properties : 
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1. It is cohesive, of a brownish colour, and generally of a 
bitterish taste; but this varies with the plant, from which it 
has been obtained. 

2. It is soluble in cold water, but more copiously in hot 3 
and the solution is always coloured. Hence the decoctions 
of certain substances (Peruvian bark for example) become 
turbid on cooling. ‘The solution, exposed for a long time to 
the air, acquires a mouldy pellicle, and undergoes a sort of 
putrefaction. 

3. When a solution of extract is slowly evaporated, it af 
fords a semi-transparent mass; but rapid evaporation renders 
it perfectly opaque. By repeated solutions in water, and eva~ 
porations, it acquires a deeper colour, and loses its property 
of being soluble in water, apparently in consequence of ab- 
_sorbing oxygen from the air. 

4, Extract, exposed to the atmosphere, slowly imbibes 
moisture ; or is imperfectly deliquescent. 

5. It is soluble in weak alcohol and in liquid alkalis, but 
neither in pure alcohol, in ether, nor in acids, which last even 
precipitate it from its solution in water. 

6. When concentrated sulphuric acid is added, the cdour 
of vinegar is perceivable. ee 

ve Wisies impregnated with chlorine, when poured into a 
solution of extract, precipitates a dark yellow powder, which 
is no longer soluble in water, but dissolves in hot alcohol. 

8. Extract has an affinity for alumina. When the sulphate 
er muriate of alumina is poured into one of extract, a preci- 
pitate appears, especially if the mixture be boiled. When 
linen or woollen thread, previously impregnated with a solu- 
tion of alum, with muriate of tin, or with chlorine, is boiled 
with a solution of extract, the thread is dyed a fawn colour, 
and the extract disappears in great part from the liquor. 

9. Muriate of tin, and several other metallic salts, also pre- 
cipitate extract from its watery solution, their oxides forming 
with it insoluble compounds. 

10. Extract is not precipitated by a solution of tan. 

These are the properties of extract, in the purest form 
under which we have yet procured it. As commonly ob- 
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tained, however, it is combined with one or more, and fre- 
quently with a great number of other principles. In the sap 
of plants, it exists along with mucilage, gallic acid, tan, 
acetate of potassa, and other neutral salts. Of the substance 
called catechu, it forms, according to the experiments of Sir 
H. Davy, a considerable proportion; and not being easily 
dissolved by cold water, may be obtained by washing off the 
more soluble parts. ‘The infusions, also, of most vegetable 
substances which are used in medicine, such as senna-leaves, 
Peruvian bark, &c. hold extract in solution united with other 
principles. 

Irom a series of experiments on this subject, Dr. Bostock 
is disposed to doubt whether there be any distinct principle, 
to which the title of extract or extractive can with propriety be 
given ; and this doubt, for which there appears to be great rea- 
son, is entertained, also, by Braconnot, who finds that the re- 
agents, pointed out as tests of extract, act also upon tan. 
The processes, also, for separating extract from the other 
parts of vegetable infusions, appear to him to be founded 
upon incorrect assumptions.* He has not, however, exa- 
mined the extract from saffron; but it has been the subject 
of a series of experiments by Bouillon la Grange and Vogel, 
who, considering it as a distinct principle, have given it the 
name of polychroile, on account of the many different colours 
which it is*capable of assuming. ‘Thus its natural colour is 
yellow; and its aqueous solution is deprived of colour by 
exposure to the sun’s rays. Sulphuric acid dropped into the 
aqueous solution causes a deep indigo blue colour; nitric acid 
a green one; and chlorine renders it colourless.‘ It may, 
however, be doubted whether these changes are not produced 
in some substance accompanying the extract, rather than in 
the extractive matter itself; and till this is decided, the ex- 
tract of saffron may retain the name which has been heretofore 
assigned to it. 


* Thomson’s Azinals, xi. 384. + See Nicholson’s Journal, xxiv. 204. 
t Ann. de Chim. Ixxx. 188. 
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SECTION IL. 
Mucilage, or Gum. 


Tus substance, termed mucilage when fluid, is, in a solid 
state, generally known by the name of gum. Gum arabic 
may be taken as an example. It appears, however, from Dr. 
Bostock’s experiments, that there is a considerable variety in 
the chemical properties of different gums and mucilages. 

1. Gum is dry, brittle, and insipid, and undergoes no 
change by exposure to the atmosphere, except that the action 
of light destroys the yellow colour, which it frequently ex- 
hibits. Its specific gravity varies from 1.300 to 1.490, water 
being 1. 

2. It is readily soluble in water, and forms a viscid solution, 
which may be kept a long time without undergoing any 
change; but finaily becomes sour, and exhales an odour of 
acetic acid. 

3. It is insoluble in alcohol and in ether, the former of 
which precipitates it from water, in opake white flakes. 

4. It is separated from water, in a thick curdy form, by 
sub-acetate of lead; and is thrown down by the red sulphate 
of iron, in the state of a brown semi-transparent jelly. Several 
other salts, also, have a similar effect. According to Dr. 
Thomson’s experiments, the salts, containing mercury and 
iron at the maximum of oxidation, are the most efficient in 
precipitating gum. ‘The oxides of copper, antimony, and 
bismuth, are, also, acted upon by it; for it prevents water 
from precipitating them from their solutions in acids, in the 
state of sub-salts. ‘The effects of re-agents on a solution of 
gum have been investigated by Dr. Bostock ;* and have been 
found to vary considerably in the different species of gum; 
for example, In gum arabic, cherry-tree gum, and linseed 
mucilage. 

Berzelius has examined the compound of gum arabic with 
oxide of lead, to which he has given the improper name of — 
gummate of lead, He finds it to consist of 


* See Nicholson’s Journal, xvill. 28, 
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100.* 


5. Gum is soluble in pure alkalis, and in lime-water, and 
is precipitated unchanged by acids. Of the earths, silica 
seems to have the strongest affinity for it; a solution of sili- 
cated alkali decomposing a very dilute solution of gum. 
(Thomson.) Dr. Duncan, jun., however, informs me, that 
this precipitate is produced only by solutions of the lighter 
coloured specimens of gum, which have different properties 
from those of darker colour. The precipitation, when it does 
occur, Dr. Bostock suspects to take place, only in consequence 
of the lime which gum contains. Hence oxalic acid, also, | 
produces a precipitate from the solution of gum arabic. 

6. Diluted acids dissolve gum unchanged, and the concen- 
trated ones decompose it. Strong sulphuric acid converts it 
into water, acetous acid, and charcoal; the last of which 
amounts to rather more than one-fourth the weight of the 
gum, and exhibits slight traces of artificial tan. Nitric acid 
dissolves gum with a disengagement of nitrous gas; and the 
solution, on cooling, deposits a little saccholactic or mucic 
acid. ‘The production of mucic acid by the action of nitric 
acid appears to be the characteristic property of mucilage, 
and Vauquelin even obtained this acid from the mucilage of 
linseed. ‘Some malic acid is also formed; and by continuing 
the heat, the gum is changed by the nitric acid into oxalic 
acid, which amounts to nearly one-half the weight of the gum. 
Chlorine, transmitted through a solution of gum, changes it 
into citric acid. (Wanquelin. Ann. de Chim. vi. 178.) 

7. Gum and sugar readily combine; and, by gentle eva- 
poration of their mixed solutions, a transparent substance is 
obtained. From this, alcohol separates a part of the sugar, 
but the remainder continues in combination, and forms a sub- 
stance resembling that of which the nests of wasps are com- 
posed. 


ere LCE A OI PIELER LIA SI IS, 
* 05 Ann, de Chim, 77. 
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8. Gum, when submitted to destructive distillation in a 
retort, yields an acid, formerly called the pyro-mucous, but 
now ascertained to be merely the acetic, holding in solution 
a portion of essential oil, and some ammonia, which last is dis- 
engaged on adding lime. Carbureted hydrogen and carbonic 
acid gases are also evolved; and in the retort there remains 
charcoal, mixed with lime and phosphate of lime. 

9. By incinerating 100 parts of gum, Vauquelin obtained 
three parts of white ashes, consisting chiefly of carbonate of 
lime, but containing also some phosphate of lime and iron. 

Respecting the varieties of vegetable mucilage, which ap- 
pear to be pretty numerous and well marked, much valuable 
information may be obtained from the paper of Dr. Bostock, 
which has been already referred to. Cherry-tree gum, tra- 
gacanth, and some other varieties, have been considered as 
forming a distinct vegetable substance, to which the name of 
cerasin has been given. It imbibes water, and swells very 
considerably in bulk, but is not at all soluble except in boiling 
water, from which it again separates on cooling in the state of 
a jelly. With nitric acid it yields abundance of mucic, malic, 
and oxalic acids; and the pyromucous acid obtained by its 
distillation gives much more ammonia than that from gum 
arabic. It appears then to contain more azote, and perhaps 
less oxygen and less carbon than gum arabic. 

Gum arabic, analyzed by Gay Lussac and Thenard, after- 
wards by Berzelius, and recently by Dr. Ure, has been found 
to consist of 
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100.* 100.+ 100. 


Saussure, in addition to these three elements found also a 
minute quantity of nitrogen. J'rom gum arabic and gum 
tragacanth, he obtained 


* Gay,Lussac and Thenard, t+ Berzelius. 
t Phil. Trans, 1822, p. 468. 
VOL. Il, N 
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The atomic constitution of gum has been investigated in 
two different ways. On the supposition that the gummate of 
lead is composed of two atoms of oxide of lead and one of gum, 
which Dr. ‘Thomson thinks most probable, the atomic consti- 
tution of gum will be as follows: 
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90 100. 


If the determination of Dr. Ure, founded on its ultimate 
analysis, be correct, the constitution of gum should be 
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68 100. 


In the first case, which agrees most nearly with the results 
of its ultimate analysis by Berzelius, the weight of the atom 
of gum would be 90; in the second 68. But as Dr. Ure ac- 
knowledges that the gum, which he submitted to experiment, 
had not been artificially dried, and, therefore, contained hy- 
grometric moisture, it is probable that the statement of its 
constitution is most correct, which is founded on those ana- 
lyses that assign the larger proportion of charcoal. The ni- 
trogen found by Saussure, not being present in any propor- 
tion amounting to an atom, may be regarded as probably ac- 
cidental. To determine this point, however, the quantity of 
ammonia should be ascertained, which passes over in combi- 
nation with acetic acid, when gum is submitted to destructive 


* Thomson’s Annals, vi. 431. 
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distillation; and in any fresh analysis of gum, by combustion 
with chlorate of potassa or peroxide of copper, it will be de- 
sirable to examine the gaseous products with an especial view 
to the presence of nitrogen. 


= =i 


SECTION III. 
Vegetable Jelly. 


VEGETABLE jelly may be obtained from the recently ex- 
pressed juices of certain fruits, such as the currant and goose- 
berry. When the expressed juice of these fruits is gently 
evaporated, and then allowed to remain, for some time, in a 
state of rest, it partly coagulates into a tremulous soft sub- 
stance, well known by the name of jelly. The coagulum, 
washed with a very small quantity of water, is jelly nearly in a 
state of purity. | 

Vegetable jelly, unless when tinged by the fruit from which 
it has been obtained, is nearly colourless; has a pleasant taste, 
and a tremulous consistency. -It is soluble in cold water; but 
more copiously in hot, and the solution, if strong enough, 
again gelatinates on cooling. By long boiling it loses this 
last property, and is changed into a substance analogous to 
mucilage; hence the necessity, in preparing jelly from currants 
and other fruits, of not continuing the boiling too long, for 
this renders it viscid, and prevents it from coagulating. When 
dried, jelly is transparent. It combines readily with alkalis. 
Nitric acid converts it into oxalic acid, without disengaging 
any azotic gas. Its solution in water is precipitated by infu- 
sion of galls. 

It is not improbable that jelly is nothing more than gum 
combined with vegetable acid; for when the coagulated jelly 
of acid fruits is placed on a sieve, an acid liquid passes through, 
leaving a tremulous mass, which dries into a hard transparent 
substance, resembling gum, and having most of its properties. 
The ultimate analysis of jelly has not been attempted. 


N 2 
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SECTION IV. 


Sugar and Oxalic Acid. 
Art. 1.—Sugar. 


Amos? all the sugar, which is applied to the common pur- 
poses of life, is derived from a plant, the growth of hot cli- 
mates, called Arundo Saccharifera. This plant produces 
strong canes, inclosing a soft pithy substance, which yield, DY 
the compression of power ful machinery, a large proportion of 
sweet juice. The juice is evaporated in copper vessels, with 
the addition of a small quantity of slaked lime, the use of 
which appears to consist in its neutralizing a quantity of un- 
combined acid, that would be unfavourable to the crystalliza- 
tion of the sugar. A minute portion of lime remains in raw 
sugar, and, according to Mr. Daniell, causes it to assume the 
clamminess and ate: feel which characterize what is called 
weak sugar. It appears desirable, therefore, to avoid using 
an excess of lime. During the evaporation of the cane juice, 
a thick scum is formed, which is continually removed. ‘The 
juice passes successively from larger to smaller boilers, till at 
length, in the last of these, it becomes thick and tenacious. 
When this happens, it is emptied into shallow wooden coolers, 
where the syrup forms a mass of small irregular crystals, en- 
veloped in a treacly fluid. The whole mass is drained in hogs- 
heads, in the bottoms of which holes are bored. ‘The fluid, 
which separates, is called melasses or treacle ; and the dried 
crystals are exported to this country under the name of raw 
or muscovado sugar. A gallon of juice yields on an average 
about a pound of raw sugar. 

The subsequent process which sugar undergoes, with the 
view of bringing it to the white and beautiful form of refined 
or loaf-sugar, consists in its being re-dissolved in lime-water, 
and in being boiled with a quantity of some coagulable sub- 
stance, such as the whites of eggs or bullocks’ blood. The 
proportions used are penouillags one part of fluid to three of 
sugar, and of this solution about fifty gallons, called a skip- | 
ping, are put into a copper pan capable of holding about nine 
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times that quantity. The pan, therefore, being covered only 
a few inches from the bottom, is in little danger of boiling 
over; and the higher the temperature, within certain limits, 
the less is the risk of this accident, because the highly expan- 
sive steam bursts the bubbles as soon as formed. A solution 
of this kind boils rapidity at 230° Fahr.; and from this to 
240° is the due temperature. Ifa solution of sugar be farther 
concentrated by the evaporation of the water, the thermome- 
ter rises to 340°. The sugar then begins to turn black, and at 
370° it takes fire on applying flame to its vapour, and burns 
strongly, leaving a residuum of charcoal. 

The clarifying substances, added to the heated syrup, coagu- 
late intoa thick scum, which rises to the surface, carrying 
along with it the principal part of the impurities of the sugar, 
After being evaporated to a due consistence, the syrup is let 
outinto large conical earthen pots, with a hole at the apex of 
the cone, and each supported by an earthen jar. When the 
syrup has concreted into a solid mass, the plug is removed 
from the point of the cone, -to allow the adhering liquid to 
drain off; and a mixture of pipe-clay and water is poured 
on the surface of the mould, and suffered to continue there 
four or five days. The moisture from this, slowly descending 
through the sugar, carries with it the remains of the darker 
coloured syrup; and the whole loaf, after being dried ina 
stove, is obtained of the proper degree of whiteness. 

Besides the juice of the cane, sugar may be extracted, also, 
from several other vegetables. The juice, which flows sponta- 
neously from incisions made in the American maple-tree, af- 
fords a quantity sufficient to render the process worth followa 
ing. Ripe fruits contain sugar in considerable quantity, and 
by long keeping after they have been dried, it appears, in a 
granular state, on their surface. ‘The juice of the potatoe, the 
carrot, and still more remarkably of the bect (Leta vulgaris, 
Linn.) yield a considerable proportion of sugar. To obtain it 
from the latter vegetable, the roots, softened in water, are to 
be sliced, and the juice expressed. It is then to be boiled 
down with the addition of a little lime till about two thirds re- 
main, and afterwards strained. These boilings and strainings 
are repeated alternately, till the liquid attains the consistence 
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of syrup, when it is left to cool. The sugar thus extracted, 
retains somewhat of the taste of the root; but it may be puri- 
fied by the operation already described as used for the re- 
fining of West India sugar, and it then loses its peculiar fla- 
vour. The quantity obtained varies considerably; but in 
general it may be stated at between four and five pounds from 
100 pounds of the beet root, besidea proportion of unerystal- 
lizable syrup. In Germany, the expence has been calculated 
at about three pence per pound; but this estimate is probably 
under-rated.* 

From the experiments of Proust,f it appears that a coarse 
sugar may be procured from grapes (of which many thousand 
tons are annually wasted in Spain), at the expence of about 
eight pence per pound; or, under favourable circumstances, 
even for five pence. In apples and pears, in the juice of li- 
quorice, and in some other vegetable juices, sugar exists, but 
in a state of combination, which renders it essentially liquid, 
and prevents it from assuming a crystallized form. ‘The sugar 
of grapes is not so white as cane sugar, but crystallizes more 
easily, Grape sugar has been analysed by Saussure, and found 
to contain very nearly the same proportions of ingredients as 
starch sugar, stated under the article fecula.t ‘These two 
kinds of sugar agree, indeed, so closely as to their properties, 
that they probably constitute one species. Sugar from the 
cane and from beet differs from these, and from all other 
kinds of sugar, by containing a greater proportion of carbon.§ 

Sugar is produced also in the process of malting, which 
consists in the conversion of starch into sugar, and starch, it 
will afterwards appear, may be converted into sugar by the 
action of sulphuric acid. 

Beside pure sugar, there are other saccharine substances, 
that bear a considerable resemblance to it. Manna is the 
inspissated juice which flows spontaneously from incisions in 
the bark of a species of ash (the fraxinus ornus). Sugar has’ 
been discovered, also, by Fourcroy and Vauquelin, to enter 


* See Chantal on the manufacture of sugar in France, Phil.Mag. xlvii.331. 
+ Nicholson’s Journal, xxi. 356. t See Sect. ix. infra. 
§ Thomson’s Annals, vi. 428. 
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largely into the composition of the juice obtained by pressure 
from the onion. Besides sugar, the juice of onions appears, 
also, to contain a portion of mucilage and extract, to which its 
taste and other peculiar properties are owing. 

The same may perhaps be said of honey. When treated 
with nitric acid it was found, however, by Mr. Cruickshank, 
to give very little less oxalic acid, than was obtained from an 
equal weight of pure sugar. Proust has considered honey 
itself as of two distinct species. Common yellow honey is of 
an uniform consistence and viscid ; but, besides this, there is 
a granulated white kind, which has a tendency to become 
solid. From the latter he obtained by alcohol a white saccha- 
rine powder, which he considers as agreeing more nearly with » 
the sugar of the grape than with common sugar. 

The following are the properties of sugar : 

1. Sugar is perfectly white, and when crystallized somewhat 
transparent. It is hard and brittle. When two pieces are rub- 
bed strongly against each other in the dark, a visible phos- 
phorescence takes place. Its specific gravity, according to 
Hassenfratz, is 1.4045, according to Thomson 1.5629, but it 
is probably variable. 

2. Pure sugar undergoes no change by exposure to the air, 
except that from a damp atmosphere it attracts a little moisture. 
Raw sugar, as it well known, is extremely deliquescent. 

3. Sugar is soluble in an equal weight of cold water, and 
almost to an unlimited amount in hot water. The latter solu- 
tion affords a liquid called syrup; from which, by long repose 
in a stove or warm room, transparent crystals of sugar sepa- 
rate, called candied sugar. ‘Their form is that of prisms with 
four or six sides, bevelled at each extremity, or sometimes ac- 
cuminated by three planes. They are composed, according 
to Berzelius, of 
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105.6 
4. Alcohol dissolves, when heated, about one fourth its 
weight of sugar. The solution, by keeping, deposits large 
crystals of sugar. 
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5. Lime-water renders sugar more soluble; and, recipro- 
cally, sugar increases the solubility of lime. The liquid com- 
pound of sugar and lime is still sweet, but mixed with some 
astringency. Alcohol precipitates white flakes, which appear 
to be composed of sugar and lime. 

Alkalis unite with sugar, and destroy its taste. It may be 
recovered, however, unchanged, by adding sulphuric acid, 
and precipitating the alkaline sulphate by alcohol, which re- 
tains the sugar in solution. Sugar unites, also, with the alka- 
line earths ; and is acted on by baryta so strongly, that it ap- 
pears to undergo a kind of decomposition, and the baryta is 
immediately carbonated. Strontia acts in much the same 
manner as lime. . 

6. Sulphuric and muriatic acids act when concentrated upon 
sugar ; charcoal is separated; much of the sugar destroyed ; 
and what remains is rendered incapable of crystallizing. Ni- 
tric acid converts it, as will presently appear, into oxalic acid ; 
and chlorine changes it into malic acid. Ovxalic, acetic, and 
tartaric acid, prevent it from foriming good crystals. 

7. Sugar has the property of rendering oils miscible with 
water, 

8. The sulphurets, hydro-sulphurets, and phosphurets, ap- 
pear to have the property of converting sugar into a substance 
not unlike gum.* 

9. Sugar has. the property of decomposing several of the 
metallic salts, when boiled with their solutions. Sometimes 
it reduces the oxide to a metallic state, as in sulphate of cop- 
per. In other instances, as in the acetate of the same metal, 
it merely reduces the oxide to an inferior degree of oxida- 
tion.( With oxide of lead, it forms an insoluble compound, 
called, improperly, by Berzelius saccharate of lead,t which 
consists of 
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* Thomson’s Chemistry, iv. 214. 
+ Vogel in Thomson’s Annals, vii. 42. { 95 Ann. de Chim, 53. 
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10. Sugar is converted, by destructive distillation, into 
water, acetic acid, carbureted hydrogen, carbonic acid gas, 
and charcoal; and a little oil, with a large proportion of 
pyromucous acid, amounting to more than half the weight of 
the sugar, are also formed. No ammonia can be detected in 
the liquid products. According to Lavoisier, sugar is com- 
posed of 64 oxygen, 28 carbon, and 8 hydrogen: Gay Lussac, 
Thenard, and Berzelius, have analyzed it by combustion with 
chlorate of potassa, and Dr. Prout and Dr. Ure by distilla- 
tion with oxide of copper. The following are the results of 
its analysis by different chemists: 


Carbon.......0« 42.47 .. 44.200: .. 39.99 .. 43.38 
OVD 0% sins 0063 2-1 49,01 Seo 53.93 .3,.. 50.33 
Piydnogeh: toe 6.00)... 6.185 «* 6.06 «. 6.29 


joo. Toor  {o0.7'"°- 100.4 


Or of carbon’ ©. 2 42.47 
Oxygen and hy-> 
drogen, in the! 
whi 
: eh ete at Disb 
same proportion | 
as in water .... 


100.* 


On comparing the results of the analysis of sugar by dif- 
ferent persons, the principal deviation appears to exist in those 
of Dr. Prout, which indicate less charcoal and more oxygen 
than the rest. If reduced to atomic proportions, his expcri- 
ments (respecting which some details are given in the Annals 
of Philosophy, N.S. iv.) point out the following as the com- 
position of sugar : 


Charcoal ...: 208 atoms Hu. <0 80ic. a dOi00 
Oxyeenen. (ja). Be ditto fij:5, Dues vs 953.34 
Piydvogemiity -Sedittar bod Bibs. 6a/-//666 


42 100. 


* Gay Lussac. + Berzelius. { Prout. § Ure. 
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The atomic proportions, approaching most nearly to the 
other results, are 


Charcoal .... 6 atoms ...- 36 «eee 44.44 
Oxygen ..... 5 ditto ..., 40 .... 49.38 
Hydrogen ,.. 5 CliELO: inaseseigas: “Do agitate 


—= 


81 100. 
0! 


If deduced from the compound of sugar with oxide of lead, 
on the supposition that this compound consists of an atom of 
each ingredient, the constitution of sugar will agree precisely 
with the latter statement, a coincidence which strengthens the 
probability that it consists of 6 atoms of charcoal, 5 of oxygen, 
and 5 of hydrogen, and that 81 is its true representative num- 


ber, 
Art. 2.—Oxalic Acid. 


Sugar is acidified by distillation with nitric acid. ‘To six 
ounces of nitric acid, of sp. gr. from 1.46 to 1.5, contained in 
a stoppered retort, to which a large receiver is luted, add, by 
degrees, one ounce of refined sugar, coarsely powdered. A 
gentle heat may be applied during the solution. Nitrous gas 
will be disengaged in great abundance. When the whole of 
the sugar is dissolved, distil off a part of the acid. The re- 
maining liquor, which has a syrupy consistence, poured into a 
shallow glass or porcelain vessel, will form, after cooling and 
sufficient repose, regular crystals, amounting to 58 parts from 
100 of sugar. ‘These must be again dissolved in water and 
re-crystallized ; and then laid on blotting paper to dry. 

Oxalic acid may be produced, also, by a similar treatment 
of gum, and of various other vegetables, and even of several 
animal products, such as silk, wool, &c. 

The crystals of oxalic acid have the following characters : 

_1. They have the form of four-sided prisms, whose sides are 
alternately larger, terminated at their extremities by dihedral 
summits. As ordinarily found in the shops, however, the size 
of the crystal is too small to be distinctly determined. 

2, They have a strong acid taste, and act powerfully on 
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vegetable blue colours. One grain, dissolved in 3600 erains 
of water, reddens the colour of litmus paper. 

8. ‘They dissolve in twice their weight of water at 65°, af- 
fording a liquid of specific gravity 1.0593, and in an equal 
weight of hot water. They are soluble, also, in boiling alcohol, 
which takes up half its weight; and, though sparingly, in 
ether. 

4, Oxalic acid is a most virulent poison, and has frequently 
proved fatal, when taken by mistake for Epsom salt. From 
that salt, however, it may readily be distinguished, though not 
from other acids, by carefully tasting it in the smallest quan« 
tity sufficient for the purpose, when its sourness will be dis- 
tinctly perceived. Or, without tasting it, if a few drops of 
water be placed on a slip of the dark blue paper which is com- 
monly wrapped round sugar loaves, and a small quantity of 
any substance suspected to be oxalic acid be added, that acid 
will be discovered by its changing the colour of the paper to a 
reddish brown. The solution also of a small quantity of 
oxalic acid in a tea-spoonful of water, will effervesce with a 
little scraped chalk or common whiteing; but neither of these 
effects is produced by Epsom salt. 

5. The crystals of oxalic acid effloresce in the air, and 
become covered with a white powder. 

6. A red heat entirely decomposes them, and leaves only 
charcoal, During distillation, a considerable quantity of in- 
flammable gas is obtained; and a portion of the acid is sub- 
limed, unaltered, into the neck of the retort. 

7. They slowly absorb chlorine, and are converted into a 
white substance having a saline appearance, which, when wa- 
ter is added, is changed into muriatic and- carbonic acids. 
(Ann. de Ch. et Ph. xix. 84.) 

8. Oxalic acid is decomposed both by the oxides and chlo- 
ride of gold, and in the former case with a disengagement of 
carbonic acid. (Ann. de Ch, et Ph. xv. 125.) 

9. The crystals of oxalic acid, when exposed to heat, swell 
and abandon a considerable quantity of water. Not more 
than 28 parts of water, however, can be thus detached from 
100 of the crystals, without decomposing the acid. But by 
combining the acid with oxide of lead, Berzelius found that 
the whole of its water might then be expelled by heat, and 
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concluded that the crystals consist of 58 real acid, and 42 
water, approaching nearly to 1 atom of acid and 3 of water. 
Dr. Thomson, from his recent experiments (Ann. of Phil. 
N.S. 1. 186), is led to consider them as composed of equal 
weights of water and anhydrous acid, or of 


VSMOGEN OF HONE cams 45 Ws aie. OO 
4 atoms of water ......+.++ 36.90 
2 


The analysis of oxalic acid by combustion with chlorate of 
potassa was performed by Gay Lussac and Thenard,* and 
with peroxide of copper by Berzeliust and Dr. Ure.t The 
following table exhibits their different results; those of Gay 
Lussac and Thenard being corrected in the second column to 
exclude the water, which appears to have entered into the 
oxalate of lime employed in their experiment, in such propor- 
tion as to have been equal to one-fifth of its acid ingredient. 


Carbon +64:59°86.866 vere BR2TT) «knw BRi222 Winn Bea 
Oxygen .... 70.689 .... 66.290 .... 66.534 .... 66.66 
Hydrogen’. . ° 2.745) ov 0 aRBiea ek Daas 


ns 


— 


100.§ 100. || 100.** 100.++ 


The quantity of hydrogen in oxalic acid, deprived of water 
by combination with oxide of lead, is so extremely small, as 
not to amount to any atomic proportion. Dobereiner, indeed, 
appears to have been the first to suggest, about the year 1815, 
that hydrogen is not an element of anhydrous oxalic acid, 
but that it is constituted of carbon and oxygen only; and he 
has added fresh evidence in favour of this view of its nature, 
in a short paper published in the Ann. de Chim. et de Phys. 
xix. 83. From the results of its analysis, considered in con- 
nection with the proportions in which it combines with bases, 
it appears extremely probable that oxalic acid consists of 


* Recherches, vol. ii. 

+ 81 Ann. de Ch., and Thomson’s Annals, iv. 232, v. 97, and ix. 33. 
{ Phil. Trans. 1822. § Gay Lussac and Thenard. 

|| Ditto, corrected. ** Berzelius, Ann, of Phil. v. 99. 


tt Ure, Phil. Trans, 1822, 480. 
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Oxalate of polassa forms flat oblique four-sided prisms, ter- 
minated by dihedral summits, the lateral edges of the prism 
being usually bevelled. Its taste is cooling and bitter. At 
60° Fahrenheit, it requires about twice its weight of water for 
solution. ‘There is, also, a salt formed of the same base and 
acid, but with a considerable excess of acid, called super- 
oxalate or binoxalate of potassa. It forms small white paral- 
lelopipeds or rhomboids approaching to cubes. It has a pun- 
gent acid taste mixed with some bitterness. It requires for 
solution ten times its weight of water at 60°, and a still larger 
proportion of boiling water. It may either be formed artifi- 
cially, or obtained from the juice of the owalis acetosella, or of 
the rumex acetosa. When procured in the latter mode, it is 
sold under the name of salé of sorrel, or essential salt of lemons. 
The acid, which it contains, is double that in the oxalate; or, 
if we suppose 100 parts of potassa, and denote the quantity 
necessary to convert it into oxalate by x, then 2 x will convert 
it into binoxalate. 

According to Berzelius 100 parts of potassa are united, in 
the oxalate, with 76.58 parts of real oxalic acid, and in the 
binoxalate, of course, with 153.76. Iixclusively of water, 
which, in the crystals of the oxalate, amounts to 17.31 per 
cent., these salts are composed as follows: 


Acid. | Base. 
Oxalate of potassa .... 43.387 .... 56.63 
Binoxalate of ditto.... 60.47 .... 39.53 


Quadroxalate of potassa may be composed in several me- 
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thods.* It was formed by Dr. Wollaston, by digesting the 
binoxalate in a due proportion of nitric or muriatic acid. One 
half of the alkali unites with the mineral acid, and the other 
half remains combined with the oxalic acid. The salt forms 
beautiful crystals, which may be obtained pure by solution 
and a second crystallization. 

If three partsjby weight of the quadroxalate be decomposed 
by burning, and the alkali, which is thus disengaged, be mixed 
with a solution of one part of the crystallized salt, the latter is 
exactly neutralized. Hence the quadroxalate contains four 
times the acid that exists in the oxalate. The analysis of this 
class of salts, from which Dr. Wollaston (in the Phil. Trans. 
for 1808) drew a striking exemplification of the law of simple 
multiples discovered by Mr. Dalton, may be recapitulated as 
follows: 


Atom Atoms re Equivalent 
of base. of acid. cre number. 


The oxalate consists of 1 + 1....48 + 36= 84 
Phe bioxalate yi. 1 2444. 464 72 120 
The quadroxalate.... 1 + 4 ....48 + 144 = 192 


Base. 


Kstimating, therefore, from the weights of their atoms, 100 
of potassa should be united, in the oxalate, with 75 of acid ; 
in the binoxalate, with 150; and in the quadroxalate, with 
300. 

Oxalate of soda readily crystallizes, and has a taste nearly 
resembling that of oxalate of potassa. When heated, it falls 
to powder, and loses the whole of its water of crystallization. 
Soda forms, also, with oxalic acid, a linoxalate, but no qua- 
droxalate. In the oxalate, supposing it to be constituted of 1 
atom of base = 32, +- 1 atom of acid = 36, together 68, 100 
parts of soda must be combined with 112.53 parts of acid; in 
the binoxalate with 225.06. 

Oxalate of ammonia crystallizes in long transparent prisms, 
rhomboidal, and terminated by dihedral summits, which, ac- 
cording to Berard, contain 13 per cent. of water, Its taste is 
bitter and unpleasant. At the temperature of 60°, 1000 grains 


* See Berard, 73 Ann, de Chim, 271. 
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of water dissolve only 45 grains of the salt, giving a solution 
of sp. gr. 1.0186. The solution is of great use as a re-agent; 
for it precipitates lime from almost all its soluble combinations, 
if these be perfectly neutral, and discovers it even when in very 
minute quantity. 

In oxalate of ammonia, constituted of 1 atom of base = 17, 
+ 1 atom of acid = 36, 100 parts of real alkali must be united 
with 211.8 parts ofacid. A super-oxalate or binoxolate of am- 
monia, also, exists, which is less soluble in water than the 
oxalate. In this, 100 parts of base are of course united with 
423.6 of acid. 

Oxalate of lime is extremely insoluble in water at all tem- 
peratures. It may be formed, either by dropping oxalic acid 
into lime-water, or by mingling the solution of a salt with 
base of lime with one of any of the soluble oxalates. When very 
slowly dried at the temperature of the atmosphere, it consists, 
according to Berzelius, of 4 atoms of water and 1 of oxalate ; 
when more rapidly dried, of 2 atoms of water and 1 of 
oxalate, or of mixtures of those two hydrates in different pro- 
portions. Dr. Thomson finds that when dried at a temperature 
not exceeding 100° Fahr., it retains two atoms of water. The 
anhydrous salt consists of 


Lime *e-es3s8 8&6 @ 1] atom @eeds? 28 @eee? 43.75 
Oma acid & demise kp Os bs tar OOcsiens sabes 


64 100. 


Fresh precipitated oxalate of lime is soluble in nitric and 
muriatic acid; and hence, in the use of oxalate of ammonia 
or oxalic acid as a precipitant, it is necessary first to neutralize 
any excess of acid, which the solution may contain. 

Oxalates of baryla and strontia are white tasteless powders 
of very sparing solubility; but the former earth, with an ex- 
cess of acid, forms a soluble super-oxalate. One hundred 
parts of strontia take by experiment 83.62 of oxalic acid for 
saturation. No super-oxalate exists with this base. The 
oxalate of baryta is more soluble than the strontitic salt. It 
consists of 100 parts of base, united with 51 of acid. A 
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super-oxalate of baryta may be formed, by adding oxalic acid in 
excess to the white powder which is precipitated by that acid from 
the watery solution of baryta. ‘This salt, which shoots into 
small needle-formed crystals, has its elements so feebly com- 
bined, that it is decomposed by mere solution in water. It 
is of course constituted of 400 parts of base and 102 of oxalic 
acid, besides water. 

Oxalate of magnesia is a soft white powder, bearing a con- 
siderable resemblance to oxalate of lime. It is tasteless, and 
not sensibly soluble in water. Yet when oxalate of ammonia 
is mixed with sulphate of magnesia, no precipitate falls, till 
the solution is heated and concentrated. It is composed of 
100 parts of base and 180 of acid. ai 

Oxalate of Alumina.—Vresh precipitated alumina is soluble 
in oxalic acid; but the compound is not crystallizable, form- 
ing when evaporated a yellowish pellucid mass. It has a 
sweetish astringent taste, and is composed of 44 alumina + 
56 acid and water. 

Oxalate of AMlanganese.—Oxalic acid, digested with oxide 
of manganese, is partly decomposed; carbonic acid is dis- 
engaged with effervescence; and the manganese, reduced to 
the state of deutoxide, unites with the oxalic acid. The 
oxalate of manganese is precipitated in the state of a white 
powder, which also appears on adding oxalic acid to the sul- 
phate, nitrate, or muriate of manganese. 

Oxalate of xinc appears on adding oxalic acid to the solu- 
tion of sulphate, muriate, or nitrate of zinc, from-which it 
throws down the whole of the metallic oxide, in the form of 
an insoluble oxalate. 

Oxalates of Lron.—Oxalic acid unites both with the prot- 
oxide and peroxide of iron. ‘The solution of the protoxide 
affords prismatic crystals of a green colour and sweet astringent 
taste, soluble in water, and composed of 55 acid + 45 oxide. 
By exposure to the air, in a liquid state, this salt is changed 
into per-oxalate, which is incapable of crystallizing, and has 
the form of a yellow powder, insoluble in water. The per- 
oxalate may, also, be formed by the direct combination of 
oxalic acid with peroxide of iron, 


s 
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Oxalate of tin may be formed by the direct action of oxalic 
acid on tin. ‘The solution yields prismatic crystals, which are 
soluble in water, and have an austere taste. 

Oxalate of cadmium, formed by decomposing any salt of 
cadmium with the solution of an alkaline oxalate, is a white 
insoluble powder. 

Oxalate of antimony is precipitated in small crystalline and 
insoluble grains, on adding oxalic acid to the solution of an- 
timony in sulphuric acid. 

Oxalate of cerium.—Oxalic acid and oxalate of ammonia 
precipitate the protoxide of cerium from its solutions, forming 
a white salt not soluble in an excess of acid but soluble in 
liquid ammonia. With the peroxide, the precipitate is of a 
red colour. 

Oxalate of cobalt is precipitated by oxalic acid from solu- 
tions of the metal, in the form of a red powder, insoluble in 
water without an excess of acid, but then forming a solution 
which is capable of yielding crystals. 

Oxalate of bismuth may be formed either by decomposing 
the salts of bismuth with an alkaline oxalate, or by acting on 
the oxide with oxalic acid. It isa white insoluble powder. 

Oxalate of copper appears in the state of a bluish green 
precipitate, when oxalic acid is added to nitrate, acetate, or 
sulphate of copper. 

Oxalate of lead is best formed, by adding oxalic acid to 
solution of nitrate, or acetate of lead. It is nearly insoluble 
in water, unless an excess of acid be present. It is composed, 
according’ to Berzelius, of 24.54 oxalic acid, + 75.46 oxide 
of lead, which agree as nearly as possible with an atom of each 
of its ingredients, viz. 36 acid + 112 oxide. 

Oxalate of mercury is precipitated by oxalic acid from 
nitrate of mercury, in the state of an insoluble white powder. 
This, when exposed to the light, becomes black, and detonates 
when heated. It enters into the composition of Howard’s 
fulminating mercury. 

Oxalate of silver may be formed by adding oxalic acid to 
nitrate of silver. Its colour is white, but it is blackened on 
exposure to the light by the reduction of its oxide. 


VOL. IIs oO 
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SECTION V. 


Native Vegetable Acids. 


Native vegetable acids are such as are found, ready formed, 
in plants or their fruits, and require, for their extraction, only 
pressure, and other simple processes, which can scarcely be 
supposed to produce any change in their nature or properties. 
The following are the principal ones hitherto discovered: 


1. Citric. 6. Benzoic. 
2. Gallic. 7. Acetic. 

3, Malic. 8. Prussic. 

4, Tartaric. 9. Phosphoric. 
5. Oxalic. 


Besides these there are a few other acids, obtained only 
from particular vegetables, which may be classed together 
such as the gingoic, ellagic, menispermic, &c.; because it may 
still be considered doubtful whether they are distinct acids, or 
only known acids having their properties disguised by com- 
bination with other vegetable substances. The complete 
alteration of properties, attending such combinations, in the 
acids termed sorbic, rheumic, &c., which for some time 
were ranked as new acids, but which were afterwards 
shown to be well known acids united with other vegetable 
matter, should teach us caution in admitting the claims of 
such substances to the title of new and peculiar compounds. 
Other vegetable acids, the results of more complicated pro- 
cesses, and produced by new arrangements of the vegetable 
elements, such as the succinic, camphoric, &e. will be de- 
scribed in connection with the substances from which they are 
obtained, E 

Art. 1.—Cilric Acid. 

Citric acid exists in the expressed juice of the lime and 
lemon, along with a quantity of extractive matter and muci- 
lage, and with variable proportions of malic and sometimes of 
acetic acid. ‘I'he following process, for obtaining citric acid 
in a separate state, we owe to the ingenuity of Scheele. To 
the expressed juice of the lime or lemon, contained in a 

ae 
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vessel of earthen ware, or white wood, add, very gradually, 
finely powdered carbonate of lime (chalk or whiting), and 
stir the mixture well after each addition. An effervescence 
will ensue; and as long as this arises, on adding fresh por- 
tions of chalk, more chalk will be required. The exact pro- 
portion it is impossible to assign, on account of the variable 
strength of the acid juice. In general, from six to eight 
ounces of chalk are sufficient to saturate a wine-gallon of 
lime-juice. When it ceases to excite effervescence, and the 
liquor has lost its sour taste, allow the mixture to settle; 
decant the liquid, and add a quantity of water. Let the 
powder subside; the liquor be again decanted, and thrown 
away; and these operations repeated, till the water comes off 
quite tasteless and colourless. ‘The insoluble precipitate con- 
sists of citric acid, united with lime; add to it slowly, while 
an assistant agitates the mixture constantly, a quantity of 
sulphuric acid, of the density 1.85 or thereabouts, equal to 
the weight of the chalk which has been employed, and pre- 
viously diluted with 10 parts of water.—Let the acid and 
precipitate remain together 24 hours ; during which time they 
must be frequently stirred with a wooden spatula. Then let 
the white sediment, which consists of sulphate of lime, sub- 
side; decant the clear liquor; add more water till it comes 
off tasteless; and mix all the liquors together. ‘The solution, 
containing chiefly citric with a little sulphuric acid, and some 
mucilage, is to be evaporated first in a leaden boiler, and 
afterwards in shallow earthen dishes, placed in a sand-heat. 
Reduce the liquid to about one fourth of its bulk by evapo- 
ration; separate the sulphate of lime, which will be deposited, 
and again waste the liquor, by a heat not above 212°, to the 
consistence of syrup. Brown crystals will form on cooling, 
which must be set to drain; and the remaining liquor, when 
again evaporated repeatedly, will continue to yield fresh 
crystals. ‘To purify these, let them be dissolved in water ; 
and the solution be again evaporated. After the second crys- 
tallization, their colour will be improved; but it will require 
three or four crystallizations to obtain them perfectly white 
and well formed. In this state, they are the pure citric acid. 
The proportions, which I have recommended for the pre~ 
02 
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paration of citric acid, differ a little from those, which have 
been deduced by Proust from his experiments. (Journ. de 
Phys. lii. 66.) Four ounces of chalk saturated, he found, 
94 ounces of lemon juice ; and the citrate of lime weighed seven 

unces four drachms. But the four ounces of chalk, or 32 
drachms, contained only 18 drachms of lime; and, from the 
analysis of citrate of lime, it appears to contain 68.8 parts of 
citric acid in 100. Hence the seven cunces four drachms 
contained 414 drachms of citric acid. But to expel the car- 
bonic acid completely from four ounces of chalk, five ounces 
of sulphuric acid of commerce were found necessary. ‘This 
proportion, therefore, he employed in decomposing the citrate 
of lime. Six ounces of the citrate, by two crystallizations, 
gave 34 ounces, or 28 drachms, of pretty large crystals ; 
from whence it follows that the whole 74 ounces would have 
given 4 ounces 3 drachins of crystallized citric acid.* 

The preparation of solid citric acid on the large scale of 
manufacture requires an attention to a number of minute 
circumstances, which are stated at length by Mr. Parkes in 
the 3d volume of his Chemical Kssays, and in the 46th 
volume of the Philosophical Magazine. 

The citric acid, which is made for sale, is generally pre- 
pared from lime-juice. The quantity of solid citric acid, in 
a gallon of this juice, varies considerably. I have found it 
as high as twelve avoirdupois ounces in a gallon; but about 
six or eight ounces to the wine gallon is a fair general 
average. ‘The only accurate method of ascertaining its pro- 
portion consists in adding, to a quantity of the juice, solution 
of pure potassa till saturation is produced. Liquid potassa, 
of a fit strength for this purpose, may be prepared by boiling 
two pounds of American potash with one pound of quick- 
lime, previously slaked to a thin paste, and a gallon of water, 
in an iron pot, during half an hour. The solution may be 
strained through calico, and reserved for use in well stopped 
bottles. When employed as a test, one measure may be added 
to three measures of water; and it is proper to ascertain, by 
experiment, how much of this solution is requisite to satu- 
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rate an avoirdupois ounce of white crystals of citric acid. It 
will then be easy, by saturating with the same alcaline liquor 
an aliquot part of a wine gallon of any sample of lime or 
Jemon juice (judging of the point of saturation by test papers) 
to calculate what quantity of solid acid is contained in a 
gallon of the juice under examination. ‘This, of course, im- 
plies that the juice is not contaminated with any other acid, 
which must be ascertained by the appropriate tests. By mere 
keeping, lime juice is apt to pass to the acetous fermentation. 

Pure citvic acid forms beautiful transparent crystals, con- 
sisting of two four-sided pyramids joined base to base, or 
sometimes of rhomboidal prisms. An ounce of distilled water, 
at 60° I’ahrenheit, dissolves an ounce and a quarter of these 
crystals, or at the boiling temperature twice its weight. This 
solution is decomposed and becomes mouldy by keeping. 
The crystals do not attract moisture from the atmosphere. 
They contain, according to Berzclius, 


Reéeab seid oper). 79>. i.) Paton 
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Only a small part of this water, viz. about 7 per cent., can 
be driven off by a degree of heat, just below what is sufficient 
to decompose the acid. The real proportion of water can 
only be determined, by uniting the acid with some basis, 
with oxide of lead for example. 

When treated with about three times its weight of nitric 
acid, the citric acid is converted partly into the oxalic, of 
which it gives half its weight. As the proportion of nitric 
acid is increased, that of the oxalic is diminished, till at 
leneth it disappears altogether, and acetic acid appears to be 
formed. 

Citric acid is decomposed at a high temperature, and yields 
products which are constituted of carbon, hydrogen, and 
oxygen in uncertain proportions. Gay Lussac and Thenard 
analysed it by combustion with chlorate of potassa; Berzelius 
by peroxide of copper; and Dr. Ure by the same method. 
The difference between the results, exhibited in the first and 
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second columns, Berzelius ascribes to the want of due allow- 
ance, by Gay Lussac and Thenard, for the water of crystal- 
lization. 


Carbon ..... $3. ll oe Ges 41.869 ee ee ee 88.00 
Oxygen S258 59.859 eeeeee 54.831 ~~. s+ ow 62.37 
Hydrogen... 6.850 6.,... $800 ..s... 468 
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The constitution of citric acid, most nearly agreeing with 
the results of Berzelius, is as follows: 


Carbon...... 4 atoms .... 24 ...... £1.38 
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Dr. Ure’s determination gives, for the crystals, 4 atoms of 
carbon + 5 of oxygen + 3 of hydrogen, and the equivalent 
number 67, from which, deducting two atoms of water, always 
detached by uniting the acid with protoxide of lead (or 2 
atoms of oxygen + 2 of hydrogen), he deduces the composi- 
tion of the anhydrous acid to be 4atoms of carbon = 24, + 3 
of oxygen = 24, + 1 of hydrogen, and its equivalent number, 
therefore, to be 49. Reasoning from the composition of 
citrate of lead, Dr. Thomson concludes that the true repre- 
sentative number for dry citric acid is 58, and for the crystals 
58 + 18 = 76. (Ann. of Phil, N.S, ii. 140.) Such a number 
would result from a combination of 4 atoms of carbon, 4 of 
oxygen, and 2 of hydrogen. From the united evidence, 
therefore, of Berzelius’s analysis of citric acid, and of the com- 
position of citrate of lead, we may consider the anhydrous 
acid as correctly represented by 58, and the crystals, contain- 
ing 2 atoms of water, by 58 + 18 = 76. 

Citric acid readily unites with alkalis, earths, and metallic 
oxides. 

Citrate of polassa——According to Vauquelin, 86 parts of 


* Recherches, vol. ii. t Berzelius, Ann, de Chim, xciv, 172. 
t Ure, Phil. Trans, 1822. 
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erystallized citric acid, dissolved in water, require for satura- 
tion 61 of crystallized bi-carbonate of potassa; and the result 
is an extremely soluble and even deliquescent salt, composed 
in its dry state of 551, acid and 444 alkali. ‘These numbers 
are not very remote from those required by the atomic weight 
of the base and acid. | 

Citrate of soda is a very soluble salt. ‘Thirty-six parts of 
citric acid neutralize 42 of dry sub-carbonate of soda; and 
hence 100 parts of the citrate consist of 60.7 acid and 39.3 
base. The proportions most consistent with atomic weights 
are 64.5 base + 35.5 acid. 

Citrate of ammonia.—The same quantity of citric acid sa- 
turates 44 parts of sub-carbonate of ammonia; and affords a 
soluble and difficultly crystallizable salt, composed, in 100 
parts, of 62 acid and 38 base. In this case, the proportion 
of base considerably exceeds the theoretical number, viz. 22.6 
in 100 of the citrate. 

Citrate of baryla consists of equal weights of acid and base. 
It is an insoluble salt of little importance. 

Citrate of magnesia.—Thirty-six parts of crystallized acid 
neutralize 40 parts of sub-carbonate of magnesia. Hence 100 
parts of the salt contain 33.34 base and 66.66 acid, but theory 
would require only 25.6 base to 74.4 acid. The salt is 
soluble, but not crystallizable. 

Citrate of lime.—Crystallized citric acid, dissolved in water, 
requires an equal weight of chalk for saturation. ‘The com- 
pound, when neutral, is insoluble; but with an excess of acid 
it becomes readily soluble. It was found by Gay Lussac and 
Thenard to consist of 


PE te lak nad ond! he 63.83 
Lime *ssevevneee eee ev oGesne Bishi 


100. 
The theoretical constitution of this salt differs very little 
from that deduced from experiment, viz. 
Citric acid ..... latom .... 58. 
Oe eee oa. 
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Citrate of xinc, resulting from the action of citric acid on 
zinc, which it attacks with effervescence, forms small brilliant 
crystals, insoluble in water. 

Citrate of tron.—Citric acid dissolves iron filings with ef- 
fervescence. ‘The solution, which is alinost vidios depo- 
sits citrate of iron in the state of a white powder. It has a 
sweetish and astringent taste; dissolves readily in water, but 
not in alcohol; and, when exposed in a moist state to the air, 
becomes first yellow and then olive, being converted into the 
percitrate. ‘This salt is deliquescent, and formis an olive green 
solution, and is incapable of crystallizing. 

There is also a bi-citrale of the protoxide, which is depo- 
sited in a white crystalline form during the solution of iron in 
citrie acid. It has an acid and astringent taste, and does not 
undergo the farther oxidation of its base, nearly so soon as 
the neutral citrate. 

Citrate of copper.—Citric acid dissolves oxide of copper at 
a boiling heat, and the solution yields light green crystals. 

Citrate of lead is precipitated from acetate of lead by citric 
acid in the state of an insoluble powder. It contains, accord- 
ing to Berzelius, 34.18 acid + 65.82 base, proportions which 
confirm the number already given for the equivalent of citric 
acid; for 65.82: 34.18::112: 58, very nearly. Now 58 is 
the number already deduced for the equivalent of citric acid 
from the results of its ultimate analysis. 

These are the only citrates that have been particularly in- 
vestigated. 


Arr. 2.—Gallic Acid. 


This acid exists in the gall-nut, along with tan and other 
substances. In Sir H. Davy’s experiments, 400 grains of a 
saturated infusion of galls, gave, by evaporation, 53 of solid 
matter, composed of nine-tenths tan and one-tenth gallic 
acid. ‘The acid, as was discovered by Scheele, may be ob- 
tained by exposing an infusion of galls in water to the 
air. A mouldy pellicle will form on the surface of the 
infusion ; and, after some months’ exposure, small yellow crys- 
tals will appear on the inside of the vessel. These crystals 
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contain both tan and gallic acid.* To purify them, they 
must be dissolved in alcohol, and the solution cautiously eva- 
porated to dryness. . 

_ Gallic acid may also be procured by sublimation. Pounded 
galls are to be put into a large retort, and heat slowly and 
carefully applied. The gallic acid will rise, and be condensed 
in the neck of the retort in shining white crystalline plates. 
‘The process must be stopped before any oil comes over, as 
this would re-dissolve the crystals. ‘This method is recom- 
mended by Deyeux as preferable to any other. 

The gallic acid may be separated from the infusion of galls, 
by adding muriate of tin till the precipitate ceases to appear. 
This precipitate may be reserved for the experiments detailed 
under the article Taz. Irom the remaining solution the su- 
perabundant oxide of tin must be precipitated by sulphureted 
hydrogen gas, and the clear liquor, on evaporation, yields 
crystals of gallic acid. From one ounce of galls, according to 
Haussman, about three drachms of gallic acid may be thus 
obtained. 

In Nicholson’s 8vo. Journal, vol. i. page 236, a very simple 
process for obtaining gallic acid is proposed by M. Fiedler. 
Boil an ounce of powdered galls, in sixteen ounces of water 
down to eight, and strain the decoction. Precipitate also two 
ounces of alum, dissolved in water, with a sufficient quantity 
of carbonate of potassa, and, after having washed the pre- 
cipitate extremely well, add it to the decoction, and digest 
the mixture for 24 hours, shaking frequently. ‘The alumina 
combines with, and carries down, both the tan and extract; 
and the filtered solution yields, by gentle evaporation, crystals 
of gallic acid. 

To separate gallic acid from the tan which accompanies it, 
Baruel has proposed to add to the infusion of galls a solution 
of white of eggs, till it ceases to occasion a precipitate; to eva- 
porate to dryness the clarified liquor; and to add alcohol to 
the dry mass. From the alcoholic solution, the gallic acid 
may be obtained in crystals, by evaporation. (Thenard’s 
Traité de Chim. 2d edit. and Ann. de Chim. et Phys. x. 235.) 


* Berzelius, 94 Aon, de Chim, 303, 
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Mr. Faraday has adopted a similar process, using gelatine 
instead of albumen, and applying it by boiling together bruised 
galls with about one sixth their weight of clipped skins. (Quar- 
terly Journal, vi. 154.) All these methods, however, M. Bra- 
connot is of opinion are inferior to that of Scheele, when mo- 
dified as follows. He infused 250 grammes (each about 154 
grains) of bruised galls in rather more than two wine pints of 
water during four days, agitating from time to time; pressed 
out the liquor; filtered it through paper, and exposed the 
liquor to the air in a glass vessel, at a temperature varying 
from 65° to 75° Fahrenheit, for two months. <A considerable 
quantity of gallic acid separated in crystals, which were col- 
lected and pressed. The solid, thus obtained, consisted partly 
of gallic acid, and partly of a new acid insoluble in boiling 
water. The liquid, which passed through the cloth, was eva- 
porated to the consistence of syrup, and at. the end of 24 
hours, more crystals were obtained, which were also subjected 
to pressure. The quantity of gallic acid amounted to 62 
grammes, but it was mixed with an insoluble powder. ‘The 
whole was boiled with about a pint and a quarter of water, 
and filtered; and about 10 grammes ofa light fawn coloured 
substance remained on the filter. The filtered solution de- 
posited on cooling about 40 grammes of gallic acid, and, from 
the remaining liquid, about 10 grammes more were obtained 
by evaporation. M. Braconnot found also that gallic acid 
was developed by keeping the bruised galls moistened and ex- 
posed to the air, and that an odour of alcohol was emitted 
during their decomposition. (Ann. de Chim. et de Phys. ix. 
184.) 

By none of these processes, however, can gallic acid be 
obtained perfectly pure; for it is still contaminated with a 
small proportion of extract. ‘To purify it, Deyeux advises its 
sublimation. Over a glass capsule, containing the impure 
acid, and placed in a sand-heat, another capsule is to be in- 
verted, and kept cool. On the impression of the heat, the acid 
rises into the upper one, in the form of white needle-shaped 
crystals. By this process, the qualities, and probably the com- 
position, of gallic acid, appear to undergo some change. 

Braconnot finds that the gallic acid, prepared by his method, 
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and having a light fawn colour, may be purified by dissolving 
100 parts in 800 of boiling water, and adding 18 parts of 
animal charcoal (ivory black) which has been washed with 
diluted muriatic acid. The materials are to be kept heated in 
a sand bath for a quarter of an hour; and the liquor filtered 
through paper and suffered to cool, agitating it several times. 
The acid thus obtained is, after pressure, perfectly white, and 
occasions no precipitate in an infusion of gelatine. Re-dis- 
solved in boiling distilled water, it forms small silky crystals 
of the most perfect whiteness. 

The pure gallic acid has the following characters : 

1. Its crystals have the form of transparent plates or of oc- 
tohedrons. They have a weakly acid and somewhat astringent 
taste. 

2. Gallic acid burns with flame, when placed on a red-hot 
iron, and emits an aromatic smell. When distilled per se at 
a high temperature, it is decomposed, and yields the usual 
products of the destructive distillation of vegetable matter. 

3. It is soluble in 24 parts of cold, or three of boiling water. 
The solution is decomposed by keeping, and acquires a 
mouldy pellicle on its surfacé. Alcohol, when cold, dissolves 
one fourth, or an equal weight when heated. It is also 
soluble in ether. 

4, The solution reddens blue vegetable colours; but Berze- 
lius denies its action on the colour of turnsole. It effervesces 
with alkaline carbonates, but not with earthy ones. 

5. Nitric acid converts the gallic into oxalic acid. 

6. It unites with alkaline solutions without producing any 
deposit ; but from watery solutions of lime, baryta, and stron- 
tia, it occasions a bluish precipitate. Of the combinations 
of earths with acids, it decomposes those only with base of 
glucina, yttria, and zirconia, a property distinguishing those 
earths from all others. 

7. It precipitates most metals from their solutions; gold, 
silver, and copper, of a brown colour; lead, white; mercury, 
orange; bismuth, yellow; and iron, deep black. It is inca- 
pable, however, according to Richter, of detaching iron from 
sulphuric acid, unless assisted by some body which has an 
affinity for sulphuric acid. The precipitate from solutions of 


204 VEGETABLE SUBSTANCES, CHAP, X+ 


iron is soluble in an excess of the acid entering into the solu- 
tion. It forms the basis of ink, which, according to Deyeux, 
consists of carbureted oxide of iron, and gallate of iron. 

The only analysis we possess of gallic acid is that of Berze- 
lius (Ann. of Phil. y. 178.) According to his experiments, it 
consists of 
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The atomic constitution, most nearly corresponding with 
these proportions, is the following: 
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This agrees very nearly with the equivalent deducible from 
the composition of gallate of lead, which, according to Berze- 
lius, consists of 173.97 protoxide of lead, + 100 gallic acid; 
and 173.97: 100:: 112 (the equivalent of oxide of lead): 63.92. 

A full and valuable history of the gallic acid, and of all the 
processes then known for obtaining it, by Bouillon La Grange, 
may be consulted in Nicholson’s Journal, xvii. 58.* ‘That 
chemist has, however, expressed a doubt cf the claim of the 
gallic acid to be considered as a distinct acid, and suspects 
that it is only a modification of the acetic. In confirmation 
of these doubts he remarks, that its properties differ accord- 
ing to the method in which it has been prepared ;+ but there 
does not appear to me sufficient reason to deny the distinct 
nature of a compound, which is distinguished by so many 
striking peculiarities as belong to the gallic acid. 


* The reader will find, also, much important matter on this subject in 
Messrs. Aikins’ Dictionary of Chemistry, article Gall Nut, and in Dr. 
Bostock’s papers in Nicholson’s Journal, xxiy. 

+ Annales de Chimie, Ix, 156, 
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Art. 3.— Malic Acid. 


This acid exists in the juice of apples, gooseberries, and of 
some other fruits, in which it is found mixed with the citric, 
and occasionally with other acids. It may be obtained by 
evaporating the juice nearly to dryness, and then adding 
alcohol, which dissolves the acids, and leaves the mucilage. 
To this solution of citric and malic acids in alcohol, chalk is 
to be added to saturation, and the precipitate to be washed 
with boiling water, which takes up the malate of lime, and 
leaves the citrate. The solution of the malate of lime may 
then be decomposed by sulphuric acid. 

Or the juice of apples may be saturated with carbonate of 
potassa, and mixed witha solution of acctate of lead, till the 
precipitate ceases. This precipitate is to be washed with water, 
and diluted sulphuric acid is to be added, till the liquor acquires 
an acid taste, unmixed with any sweetness. The fiuid is to 
be filtered, to separate the sulphate of lead, and evaporated. 
It yields no crystals, but a thick liquor of a cherry-red colour. 
Braconnot objects to this process, that the acid, obtained by 
it, is contaminated with a mucilaginous matter intermediate 
between gum and sugar, which modifies its chemical proper- 
ties. 

Vauquelin has shown that the malic acid may be obtained 
advantageously from the juice of house-leek (sempervivum 
tectorum) by adding acetate or nitrate of lead, and decompos- 
ing the insoluble malate with sulphuric acid, added in slight 
excess. ‘lo remove the redundant sulphuric acid, Gay Lussac 
boils the liquor with a small quantity of litharge, and throws 
down the oxide of lead by a current of sulphureted hydrogen. 
He then evaporates to the consistence of syrup, and adds 
alcohol, which separates the malic acid from a portion of 
malate cf lime. The alcohol is then distilled off at a gentle 
heat, and the residue dissolved in water. (Ann. de Chim. et 
Phys. vi. 331.) 

Malic acid may be formed, also, by the action of nitric acid 
on sugar, LEqual weights of sugar and nitric acid are to be 
distilled together, till the mixture assumes a brown colour. 
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The oxalic acid may be separated by adding lime water; 
after which, the remaining liquor is to be saturated with lime 
and filtered. On the addition of alcohol, a coagulum of ma- 
late of lime is formed, which may be dissolved in water, and 
decomposed, as before directed, by acetate of lead; and 
afterwards by sulphuric acid. This process, however, Mr. 
Donovan finds to be extremely uncertain and costly. 

In 1815 Mr. Donovan discovered in the juice expressed 
from the berries of the sorlus aucuparia, or service tree,* what 
he then considered as a distinct acid; and the experiments of 
Vauquelin and Braconnot} appeared for a time to confirm his 
conclusions. ‘To procure it, the fruit of the serbus, collected 
about the month of October a little before it is perfectly ripe, 
is to be bruised in a porcelain or marble mortar, and sub- 
mitted to strong pressure. Vauquelin recommends that the 
juice, thus obtained, should be allowed to remain 12 or 15 
days in a moderately warm place. By the fermentation, 
which it thus undergoes, a quantity of viscid matter is depo- 
sited, which may be separated by filtration. ‘The clear liquor 
may be mixed with a solution of acetate of lead, which affords 
a copious precipitate. ‘This is to be washed on a filter, first 
with a large quantity of cold water, to free it from colouring 
matter 5 ee next with repeated quantities of boiling water, the 
hot washings only being reserved im a series pialee on s. After 
some hours, they bimacis opaque, and deposit crystals of sin- 
gular lustre and beauty, resembling benzoic acid. ‘Those, 
which have been formed in the colourless washings, are to be 
collected on a filter, dried in the air, and preserved for a sub- 
sequent process. 

The original mass, remaining on the filter, is next to be 
boiled for half an hour with a slight excess of diluted sulphuric 
acid; and when cold is to be filtered. The clear liquor is to 
be mixed, a second time, with acetate of lead; the precipitate 
washed as before with boiling water; and the crystals selected 
from the colourless washings only. The remaining mass is 
again to undergo the action of sulphuric acid as before. 
The crystals, thus collected, are to be boiled for half an 


* Phil. Trans, 1815. + Ann, de Chim, et Phys. vi. 
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hour with 2.3 their weight of sulphuric acid of the specific 
gravity of 1.090, supplying water as it evaporates, and taking 
care to keep the materials suspended, by stirring constantly 
with a glass rod. The clear liquor is to be filtered off, and 
poured into a tall and narrow glass jar. While still hot, sul- 
phureted hydrogen gas is to be passed through it, till all the 
lead has been precipitated. The fluid is then to be filtered, 
and boiled in an open vessel, until the vapour ceases to blacken 
paper, on which characters have been traced with acetate of 
lead. The acid liquor thus obtained, when evaporated to a 
syrup, shoots on cooling into mamillary crystals, which have a 
very sour taste, and deliquiate in a moist atmosphere. Bra- 
connot prefers obtaining the acid by the intermediation of 
lime rather than of oxide of lead, by which process he pro- 
cures a larger proportion of acid. 

By a subsequent train of ‘experiments, Braconnot was 
led to conclude that the sorbic acid is essentially the same 
with the malic; for when divested of all impurities, it exhi- 
bited the same properties, and formed with bases precisely the 
same compounds.* ‘The same conclusion has been drawn by 
Houton Labillardi¢re.t The identity of the acid, when ob- 
tained from different sources being thus established, it appears 
to bedue to Scheele to distinguish it by the term malic, which 
he originally proposed for it. | 

The malic acid is liquid, and incapable of being crystallized ; 
for, when evaporated, it becomes thick and viscid, like syrup. 
_ Its taste is very sour, but it is quite free from smell. It is diffi- 
cult to obtain it free from colour; but, by a process somewhat 
tedious and complicated, Braconnot succeeded in preparing 
it quite white, from the juice of sempervivum tectorum. It is 
very soluble in water, and in alcohol. By keeping, it under- 
goes a kind of decomposition. Nitric acid converts it into 
oxalic acid. It unites with alkalis and earths. With lime it 
forms a salt which is almost insoluble in cold water, but readily 
soluble by hot; and in consequence of this last property, it 
may be easily separated from the oxalic, citric, and tartaric 
acids; all of which form with ime compounds that are inso- 


* Ann, de Chim, et Phys. viii, 149. + Ibid. 214. 
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luble even in boiling water. When perfectly pure, Gay Lus- 
sac has shown that it does not decompose either nitrate of 
silver, of mercury, or of lead; but from acetate of lead it 
throws down a precipitate, which is soluble in acetic acid, and 
even in boiling water. 

When malic acid is heated out of the contact of air, it sub- 
limes, and the sublimed crystals possess characters differing 
from those of the original acid. When thus altered, it has 
been called pyromalic acid. | 

The sorbic acid, which may now be considered as identical 
with the malic, was analyzed by Vauquelin, by combustion 
with oxide of copper, and its composition is stated to be 
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The probability that 60 is the true equivalent, is strength- 
ened also by Vauquelin’s analysis of sorbate or malate of lime, 
which gives 57.84 for the equivalent of malic acid, a difference 
not greater than might be expected from unavoidable errors 
of experiment. 

Malate of potassa is deliquescent, very soluble, and not crys- 
tallizable. The bi-malate forms crystals which are permanent, 
soluble in water, but insoluble in alcohol. 

Malate of soda resembles very closely in its properties the 
foregoing salt. 

Malate of lime.—The neutral malate of lime is an insoluble 
salt, which may be obtained by adding lime water to a solu- 
tion of the super-malate. ‘The latter salt is chiefly formed 
when carbonate of lime is added to malic acid. It has an 
acid taste; is soluble in water, but not in alcohol; and, when 
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evaporated to dryness, assumes the appearance of gum. Ma- 
late of lime is often found in malic acid, and gives it the pe 
perty of precipitating nitrate of lead. 

Malate of baryta resembles the foregoing salt in its pro- 
perties. 

Malate of stroniia is more soluble than the two foregoing 
malates, for strontitic water is not rendered turbid by malic 
acid, which precipitates lime and baryta from water. 

Malate of magnesia forms permanent crystals, soluble in 
28 times their weight of water at 60°. 

Malate of alumina is precipitated, in an almost insoluble 
form, when malic acid is added to salts with base of alumina. 
Hence Mr. Chenevix proposed this acid as a means of sepa- 
rating alumina from magnesia; but the method has not been 
generally adopted in practice. 

Malate of iron forms a brown solution which is not crystal- 
lizable. 

Malate of lead is immediately precipitated on pouring malic 
acid into solution of acetate of lead, and on adding acctate of 
lead to any liquid containing malate of lime. It is soluble in 
weak nitric acid and acetic acid. According to Mr. Donovan, 
it is capable either of existing in a neutral state, or of uniting 
with an excess of either acid or base; but thisis not consistent 
with the experience of Vauquelin. Gay Lussac (Ann. de Chim. 
et Phys. vi. 332.) suggests that a triple compound probably 
exists of malic acid with lime and oxide of lead. 

The combinations of malic acid with other metallic oxides 
have not yet been investigated. 


Art. 4.—Tartaric Acid, and its Combinations. 


The tartaric acid is generally obtained from the bi-tartrate 
of potassa (purified cream of tartar) by the following pro- 
cess : | 

Let 100 parts of finely powdered cream of tartar be inti- 
mately mixed with about 30 parts of pulverized chalk. This 
is best done by grinding them together in a mortar, and pass- 
ing the mixture through asieve. Let the mixture be thrown, 
by spoonsful, into eight or ten times its weight of boiling 
water; waiting for the cessation of the effervescence, which 

FOL, Ti. Pp 
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is produced by each addition, before any more is thrown 
in. This method I find preferable to the entire solution of 
the cream of tartar in the first instance, which requires a very 
large quantity of water. If it should appear, from the effect 
efthe liquor on litmus paper, that the chalk has not been 
added in sufficient quantity, more may be gradually used, till 
the colour of the litmus is no longer reddened. 

By this operation, a quantity of insoluble tartrate of lime 
will be formed, which is to be allowed to subside, and washed, 
three or four times, with cold water. ‘To the tartrate of lime, 
diffused through a sufficient quantity of water, concentrated 
sulphuric acid may be added, equal in weight to the chalk 
which has been employed. ‘The mixture may be allowed to 
stand for 24 hours, during which it should be frequently 
agitated. Assay a little of the clear liquor, by pouring into it 
some solution of acetate of lead. A copious precipitate will 
be formed, which may either consist of tartrate of lead, or of 
a mixture of tartrate with sulphate of lead. To determine 
this, add diluted nitric acid, which dissolves the tartrate but 
not the sulphate. A small quantity of uncombined sulphuric 
acid, though not necessary, does no harm ; but a large excess 
of that acid is injurious, from its re-acting on the tartaric acid, 
when heat is applied in the subsequent stages of the process. 
The deficiency of sulphuric acid, if enough has not been used 
to decompose all the tartrate of lime, should be supplied by 
adding more; or a redundance of it removed by the addition 
ofa little chalk. ‘The evaporation of the solution may now 
be carried on, 11 a manner precisely similar to that directed 
for the citric acid; and the crystals purified by a second solu- 
tion and evaporation. 

The liquor remaining after the addition of chalk, consists 
of the neutral tartrate of potassa. It may be decomposed by 
mixing it with solution of muriate of lime, till no farther pre- 
cipitation ensues. An insoluble tartrate of lime falls down, 
which may be decomposed by sulphuric acid, in the way al- 
ready directed. Or the tartrate of potassa may be evaporated 
to dryness, and reserved for other purposes. If the tartrate 
of lime be formed by the first operation only, the product of 
crystailized acid amounts to between one fourth and one fifth 
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the weight of the cream of tartar. But the decomposition by 
muriate of lime doubles the product of crystallized acid. 

Quicklime has been recommended as a substitute for chalk 
in this process; but I have never found that it could be em- 
ployed with any advantage; for a quantity of caustic potassa 
is set at liberty by its action, which dissolves the tartrate of 
lime, and prevents it from precipitating. When chalk is em- 
ployed for saturation, that part of the acid only is neutralized, 
which constitutes the swper-salt; but with quicklime the ope- 
ration is carried still farther, and the neutral tartrate, also, 
abandons its acid. 

The tartaric acid forms regular crystals, the shape of which 
is that of four sided prisms, apparently rectangular, termi- 
nated by dihedral summits, and sometimes by four sided py- 
ramids. Their specific gravity is 1.5962. ‘hey meit at a 
heat a little exceeding 212° into a fluid which boils at 250°, 
and leaves a semitransparent mass on cooling, slightly attrac- 
tive of moisture from the alr, though the original crystals 
were not deliquescent. 

The crystals require for solution five or six parts of water 
at 60° Fahrenheit; but are much more soluble in. boiling 
water. The solution, which, if saturated, has the sp. gr. 1.230, 
acquires, if diluted, like that of most other vegetable acids, 
a monldy pellicle by keeping. ‘The crystals were found by 
Berzelius to consist of 
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Bergman exposed tartaric acid to distillation with nitric 
acid, in the manner practised for obtaining oxalic acid, but 
without being able to produce the latter acid. Hermbstadt, 
however, by using a very concentrated nitric acid, succeeded 
in converting the tartaric into the oxalic acid, and from six 
drachms of the former obtained four drachms and two scru- 
ples of the latter. Westrumb, also, was successful in the 
same attempt, and adds that the tartaric acid may be changed 
into the acetic by digestion with water and alcohol. 

eo 
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Tartaric acid has been analysed by Gay Lussac and The- 
nard, by Berzelius, and by Dr. Ure, and their results are con- 
tained in the following Table. One hundred parts consist, 


‘Carbon. Oxygen. Hydrogen. 
According to Gay Lussac, of 24.050.... 69.321.... 6.629 
Berzelius, of ..-35.98 .... 60.28 .,.+ 3.74 
2 de DG OL ice abit dete aasies Bac cusne wan 


The disagreement of the two first series of results with each 
other is occasioned, probably, by part of the water of crystal- 
lization having .been attached to the acid analyzed by Gay 
Lussac and Thenard, which would increase the proportions 
of oxygen and hydrogen. The most probable atomic consti- 
tution of anhydrous tartaric acid appears to be the follow- 
ing: 

Carpon.,,...4 atoms .. 29 %..<, S0ca0 
Oxygen..... 5ditto .. 40 .... 6061 
Hydrogen... 2 ditto ...°°2°0...°° 8.08 


=e 


66 100. 
And the crystals are probably composed of 


Amhydrons.agid, 1 atom, . +4066): « s<» v9 4 88 
Water ostiduetasel Tree eoee 9 ie Bote dteic, Jha 


sd coe 


12 100 


An additional atom of hydrogen in tartaric acid would be less 
consistent with the results of its ultimate analysis; though it 
would better accord with the equivalent number (67) dedu- 
cible, as will afterwards appear, from the composition of tar- 
trate of lead. 

- Tartrate of potassa, called formerly soluble tartar, may be ob- 
tained by adding sub-carbonate of potassa either to cream of 
tartar, or to the solution of the crystallized acid, till all effer- 
vescence ceases; or by evaporating the liquid which remains 
after adding chalk to the solution of bi-tartrate of potassa in 
preparing tartaric acid. According to Von Packen 120 
grains of sub-carbonate require for saturation 112 of pure 
tartaric acid. Mr. R, Phillips finds that 100 parts of cream 
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of tartar require for neutralization 434 of sub-carbonate of 
potassa. The resulting salt is very soluble, and even deli- 
quescent. It is capable of crystallizing in flat four sided 
prisms terminated by dihedral summits. It is composed, ac- 
cording to Berzelius, of 


Partaric acid s....< O0:69\ese%00 L00 
PORES... wasn ORO ALSGL cccere GOH 


160; 
It probably consists of 


Tartaric acid 1 atom .. 66 ...0.+ 57.90 
POUISSS 1a. 1 GIO .. 4S os A ALO 


ee 


114 100. 


Super-tartrate, or li-tartrate of potassa.—If into a solution of 
the neutral tartrate of potassa we pour a solution of tartaric 
acid, a white powder falls down in-great abundance, which is 
a compound of the neutral salt, and an additional quantity of 
acid. ‘The tartaric acid, in this proportion, even separates 
potassa from the mineral acids. Thus by adding tartaric 
acid to the muriate of potassa, we obtain a precipitate of the 
bi-tartrate of that alkali. | 

The substance, which is known in commerce under the 
name of ¢artar, is an impure variety of this salt. When puri- 
fied by solution and re-crystallization, it affords white crystals, 
the form of which has been particularly described by Dr. 
Wollaston.* These crystals, by being reduced into powder, 
become the cream of tartar of the shops. — 

Bi-tartrate of potassa has the specific gravity 1.953. It 
requires for its solution a very large quantity of water, not 
less than 60 parts at 60° Fahr. or 14 at 212°. Hence its so- 
lution in hot water deposits the salt on cooling, so rapidly 
and in such quantity as almost to resemble precipitation. 

Bi-tartrate of potassa, it is observed by Gay Lussac,+ 


* Thomson’s Annals, x. 37. t+ Ann. de Chim. et Phys, ti. 281. 
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acts, in many cases, like a simple acid, and even dissolves 
oxides that are insoluble in the mineral acids and in the 
tartaric acid. He proposes its use, therefore, in mineral 
analyses. 

Irom the experiments of Berzelius, the composition of bi- 
tartrate of potassa may be stated at 


Acid @eeese¢e8 @®& 6 ®@ 70.45 ees 8eeet? 100 
Potasse sos ok creer BOs ee Ge 
WV aber eg os a eS 


100. 


The proportions, most consistent with the relative weights 
of the acid and base, are, exclusive of water, 


Tartari¢ ‘acid, 2 atoms .... 132 ...... 73.89 
Potassa ws ti.~1 ditto. vz 9\9:4°46)-cl wn ch OE 


ee eee er 


180 100. 


In the tartrate, then, we have 100 base + 137.5 acid 
-tibi-tartrate Gaus wet 200/408 240875: 


In the bi-tartrate, is found also a quantity of water, which 
appears essential to the constitution of the salt; for it cannot 
be separated by heat, without decomposing the acid. Its 
proportion, indeed, is as nearly as possible that of an atom, 
for 95.25: 4.75:: 180:9 very nearly. We may consider the 
crystallized bi-tartrate then as constituted of 1 atom of bi- 
tartrate -++ 1 atom of water. 

When 100 grains of bi-tartrate are incinerated, so as to des- 
troy the acid, the alkali obtained is exactly sufficient to neutral- 
ize 100 grains of the crystals dissolved in water; a proof 
that the potassa in the acidulous salt is combined with twice 
as much acid asin the neutral compound. 

By the destructive distillation of 1000 parts of-bi-tartrate of 
potassa, Fourcroy and Vauquelin obtained, exclusively of 
gaseous products, of acid, and of charcoal,* 


* Ann. de Chim, lxiy~ 48. 
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Pure dry sub-carbonate of potassa........ 350 
Davtraiciol ime Fa ie ess 


6 
ica & KAPHA AEE, OORT ee 
(Aa SHON Rea, PINS ees. 29 710.25 
Iron and manganese ..... see Os) BE! O75 


Tartrate of potassa and soda may be formed by neutralizing 
94 parts of cream of tartar with 18 parts of sub-carbonate of 
soda. ‘Lhe resulting salt is well known, from its being em- 
ployed in medicine under the name of Sel de Seignetle, or Ro- 
chelle Sait. It requires, for solution, about five parts of cold 
water, but much less at the boiling temperature. From the 
experiments of Vauquelin it appears to be composed of 54 parts 
of tartrate of potassa, and 46 parts of tartrate of soda. The 
proportions of I atom of tartrate of potassa + 1 atom of tar- 
trate of soda would require that it should consist of 


TaPrate Gl POUassa: es 5 sce ss Sua ss DOalo 
WaVtrate OF SOCR «<5 cis ee as ose ne POST 


100. 

Tartrate of soda, formed by saturating tartaric acid with car- 
bonate of soda, crystallizes in fine needles, which are soluble 
in an equal weight of cold water. On adding a quantity of 
tartaric acid equal to that in the neutral salt, we obtain an 
insoluble bi-tartrate of soda. 

Tartrate of ammonia forms polygonal prisms, which have 
a bitter taste, are very soluble in water, and, on the addition 
ofa farther proportion of tartaric acid, are converted into an 
insoluble bi-tartrate. : 

Tartrate of lime is formed, in the process for preparing tar- 
taric acid, by adding carbonate of lime to a solution of bi- 
tartrate of potassa. It is white, tasteless, and almost insoluble 
in cold water, but soluble in 600 times its weight of boiling 
water, and in most of those acids that form soluble compounds 
with lime. According to Berzelius (94 Ann. de Chim. 179), 
‘it consists, when dried at a gentle heat, of 

a aptaric acid-2 05055 24.. ad BEONY vs. «9 66 
PHPACU s .c.ak Scr CAO ba comearem, 4... 28 
Winiet ¢.cy. Sp @eel: ccd atoms .... 36 


100. 130 
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And the anhydrous tartrate of lime will be represented by 
66 + 28 = 94, 

Tartrate of baryta may be formed by mixing a solution of 
neutral tartrate of potassa with one of muriate of baryta. A 
compound falls down, which is insoluble in water, but dissolves 
in acetic acid, and in-nitric and muriatic acids. We are un- 
acquainted from experiment with the proportion of its com- 
ponents, but it probably consists of an atom of each element. 

Tartrate of strontia may be formed also by double decom- 
position. It dissolves in $20 parts of boiling water, and cry- 
stallizes from its solution in rhomboidal prisms. According 
to Vauquelin it consists of 47.12 acid + 52.88 base. 

Tartrate of maguesia is an insoluble salt, unless an excess of 
acid be present. It is more saline to the taste than tartrate of 
lime, and is fusible by heat. 

Tartrate of alumina may be prepared by acting with tartaric 
acid on fresh precipitated alumina. It is not’ crystallizable, 
but, when evaporated, forms a mass resembling gum. 

Tartrate of manganese.—Tartaric acid, when heated in so- 
lution with black oxide of manganese, is decomposed, and 
carbonic acid is disengaged, a colourless solution of manganese 
being formed. 

Tartrate of zinc, produced by the direct action of tartaric 
acid on zinc, is a salt of difficult solubility. 

Tartrate of iron may be formed, either directly by acting on 
metallic iron with tartaric acid, or by mingling solutions of 
tartrate of potassa, and proto-sulphate of iron. The com- 
pound forms lamellar crystals, which are sparingly soluble 
in water. By exposure to air, they pass to the state of per- 
turtrate. 

Tartrate of tin has not been examined. 

Lartrate of tin and potassa may be formed, by boiling oxide 
of tin in solution of bi-tartrate of potassa. It is very soluble, 
and is not precipitated by alkalis, either pure or carbonated. 

Tartrale of antimony and potassa has already been described 
in the section on antimony. 

Tartrate of cobalt.—Tartaric acid dissolves oxide of cobalt, 
and forms a red erystallizable salt. 

Tartrale of bismuth is precipitated as an insoluble white 
powder from the salts of bismuth. 
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Tartrate of copper forms a blue sediment, on dropping tar- 
taric acid into sulphate or muriate of copper. 

Tartrate of lead is best obtained, by adding tartaric acid or 
neutral tartrate of potassa to acetate of lead. It is an insolu- 
ble white powder, and is constituted, according to the analysis 
of Berzelius, of 


Tartaric acid.... 37.5 .... latom.... 66 
Protoxide of lead 62.5 .... 1 ditto .... 112 


100. 178 


Tartrate of mercury is an insoluble white compound, which 
becomes yellow by exposure to the hight. <A triple salt may 
also be obtained by boiling in water six parts of cream of tar- 
tar, and one part of oxide of mercury. 


Pyro-tartaric Acid. 


When tartaric acid, or bi-tartrate of potassa, is distilled — 
alone in a retort, a large quantity of combustible gas escapes ; 
an acid liquid passes over; and, towards the close of the pro- 
cess, a white sublimate appears, and concretes on the top of 
the retort. The acid liquor, when evaporated, also deposits 
crystals, and these, as well as the sublimate, are the pyro-tar- 
taric acid. Its taste is extremely sour; it dissolves readily in 
water ; and furnishes crystals by evaporation; and its crystals, 
when heated, first melt, and then sublime in a white smoke, 
leaving no residuum. 

The watery solution does not immediately precipitate acetate 
of lead or nitrate of mercury; but from the former solution, 
needle-shaped crystals are, after some time, separated. Its 
compound with potassa immediately decomposes acetate of 
lead, but does not, like tartrate of the same base, decompose 
the salts of baryta and lime; nor does it form, with an excess 
of acid, a difficultly soluble salt. 

From these characters, which differ essentially both from 
those of tartaric and acetic acids, we may probably consider 
the pyro-tartaric as a distinct and peculiar acid. (See Ann. de 
Chim, Ixiv. 42, or Nicholson’s Journal, xxvi. 44.) 
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Arv. 5.-~DBenzoic Acid. 


This acid may be obtained from a substance termed gum 
benzoin or benjamin, It was formerly procured by putting a 
quantity of benzoin coarsely powdered, into an earthen pot, 
which was then subjected to a moderate sand heat. The ben- 
zoic acid sublimed, and condensed in a cone of thick paper, 
with which the pot was covered. As thus obtained, how- 
ever, it was stained by an empyreumatic oil. A better pro- 
cess, invented by Scheele, consists in pulverizing a pound 
and a half of gum benzoin with four ounces of quicklime, and 
then boiling them for half an hour in a gallon of water, con- 
stantly stirring. When cold, the clear liquor is poured off; 
and what remains is boiled, a second time, in four pints of 
water, the liquor being poured off as before. The mixed 
liquids, consisting chiefly of benzcate of lime, after being 
boiled to one half, are filtered through paper; and muriatic 
acid is gradually added, until it ceases to produce a precipitate. - 
Finally, after having decanted the liquid, the powder is dried 
in a gentle heat, and sublimed from a proper vessel, placed in 
a sand-bath, into cones of writing paper. 

Benzoic acid is found also in storax, lalsams of Peru and 
Tolu, vanilla, cinnamon, and the urine of several graminivorous 
animals, and has been shown by Berzelius to be the charac- 
teristic ingredient of the acid obtained by the destructive dis- 
tillation of tallow. Vogel lately met with it, in a crystallized 
state, between the skin and the kernel of the Tonquin bean, 
and in the flowers of the Trifolium melilotus officinalis. In the 
latter, Vogel thinks that it is sufficiently abundant, to be ad- 
vantageously extracted for use. (Annals of Phil. xvi. 297.) 

Benzoic acid has a peculiar and not disagreeable odour; 
and a taste in which nothing of acidity can be discovered, for 
it is rather sweet and aromatic; but it reddens the colour of 
litmus. Its crystals are soft and ductile, and cannot be re- 
duced to powder. It is volatilized, in white fumes, by a mo- 
derate heat. It requires for solution about 24 times its weight 
of boiling water, which, as it cools, lets fall 42ths of what it 
had dissolved. It is soluble in alcohol. By leaving an alco- 
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holic solution of it to evaporate spontaneously, it shoots into 
fine crystals, which are flat oblique prisms, perfectly tran- 
sparent, and frequently an inch in length, and the twelfth of 
an inch in width, but so thin that two of their sides are scarcely 
perceptible. The angles of the prism are 109° and 71°. 
(Quarterly Journal, vi. 153.) 

The composition of benzoic acid has been investigated by 
Berzelias and Dr. Ure, with the following results : 


Garboa.s wmsiaved eo Paty «3. nec Gbul 4 
Oxygen eve eevee as 20.43 eeevee 98.32 
Hydrogen eee? ee eo ¢ 5.16 ee¢eoeovee 4..94 


100.* 100.t 


The most simple view of the constitution of benzoic acid, 
founded on the analysis of Berzelius, would represent it as 
constituted of 5 atoms of carbon, + 1 of oxygen, + 2 of hy- 
drogen. But this would not agree with the equivalent de- 
ducible from the analysis by the same chemist, of benzoate of 
lead, ‘Witich is composed of 93.61 protoxide of lead, + 100 
benzoic acid; numbers to which 112 and 119.64 are propor: 
tional. On the supposition, then, that veutral benzoate of lead 
contains an atom of each ingredient, the equivalent of benzoic 
acid is 119.64, or, in whole numbers, 120. Now this agrees 
very well with the following statement of the constitution of 
benzoic acid : 


CAs OR lias 4 ck SUGGES os crt DOr wan bared 
Osngenitiwse «12 Mbb@ 84s 41.24 0a \.20 
Hydrogen .... 6 Gi as goons ode los xdar 


120 100 
Dr. Ure, by saturating benzoic acid with solution of amino- 
nia, deduced 116 for the equivalent of that acid, which, ac- 
cording to his view, consists of 


* Ann, of Phil. v, 181. + Ure, Phil. Trans. 1822. 


220 VEGETABLE SUBSTANCES, CHAP. X. 


Carbon: 448990873 atoms ii. o 78 (4 0. BO7IBA 
Oxyeen ii) A cditto ...>°820.0." 27:60 
Hydrogen’... 6 ditto’ .... Gs... 5.16 


oe 


116 100. 


In calculating, however, from the ultimate analysis of the 
same substance by different persons, it appears to me that in 
general those results are to be preferred, by which the largest 
proportion of carbon is indicated; because it is more probable 
that too little than too much carbonic acid should be found in 
the products of combustion. In this instance, too, Berzelius re- 
marks that the volatility of the benzoic acid renders it difficult 
to prevent a small quantity from escaping decomposition. 

The compounds, which this acid forms with alkaline and 
earthy bases, called lenzoates, are fully described by Hisinger 
in the 40th volume of the Philosophical Magazine, and by 
Berzelius in the 90th volume of the Annales de Chimie, and 
those with metallic bases by Tromsdorff, in vol. xi. of that 
work. A few of the latter have, also, been noticedsby ue: 
Faraday. (Quart. Journal, vi. 159.) 

Benzoate of ammonia may be obtained in feather-shaped 
crystals, which are very soluble, and even deliquescent. ‘This 
salt has been recommended by Berzelius as an excellent re- 
agent for precipitating iron from its solution, which it throws 
down of an orange colour, whereas the few other insoluble 
compounds, which this acid forms, with the oxides of mercury, 
tellurium, and copper, are white. : 

Benxoate of potassaa—The neutral benzoate forms feather- 
shaped crystals, which are soluble and deliquescent. With 
an additional proportion of acid, a bi-benzoate is produced, 
which crystallizes in small plates and needles. ‘These require 
ten times their weight of water for solution, redden vegetable 
blues, and have an acid sweetish taste. 

Benxoate of soda.—Its crystals are larger than those of the 
similar salt of potassa, and effloresce in the air. They are 
very soluble in water. 

Benzoate of lime forms white shining crystals, requiring 20 
times their weight of cold water for solution, but more soluble 


SECT. V. NATIVE VEGETABLE ACIDS. 291 


in hot water. It exists in the urine of the cow in considerable 
abundance. 

Benzoate of laryta, crystallizable, and readily soluble. 

Benxoate of strontia, little known, but probably soluble, be- 
cause benzoate of ammonia does not precipitate muriate of 
strontia. 

Benxoate of magnesia, crystallizable, and easily soluble. 

Benzoate of alumina has a sharp bitter taste, is soluble in 
water, and deliquesces in the air. 

Benxoate of manganese forms thin prismatic crystals, which 
are colourless and transparent, soluble in 20 times their weight 
of water, soluble in alcohol, and constituted of 23.08 oxide, 
+ 76.92 acid. 

Benzoate of xinc exists in needle-shaped crystals, which are 
soluble in water and alcohol. 

Benzoate of tron is an orange yellow powder, insoluble in 
water. ‘These characters apply to the compound formed by 
adding benzoate of ammonia to solution of peroxide of iron ; 
but Tromsdorff states that oxide of iron is readily dissolved by 
an excess of benzoic acid, and forms yellowish crystals which 
are soluble in water and in alcohol. (Ann. de Chim. xi. 316.) 

Benxoate of copper forms deep green.crystals, which are so- 
luble in water, but not in alcohol. 

Benxoate of lead.—Berzelius describes two salts of lead, 
the neutral benzoate, which is a light crystalline powder, 
sparingly soluble in water, and constituted of 49.66 acid, 
46.49 base, and 3.85 water; and the sub-lenxoate, formed by 
treating the first mentioned salt with solution of ammonia. 
The latter is insoluble, and consists of 26 acid, + 74 base. 
If then 1 atom of acid be united with 1 of base in the neutral 
salt, we have in the sub-benzoate 3 atoms of base to 1 of acid. 

Tor the benzoates of other metals, as they are of less im- 
portance, the reader is referred to the sources of information, 
already quoted. 


Art. 6.—The Oxalic Acid 


Is found native in the juice of sorrel, forming a bin- 
oxalate, and, as appears from the experiments of Vauquelin, 
in the Rheum Palmatum. 
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Arr. 7.—Moroxylic Acid. 


Mr. Klaproth discovered this acid, combined with lime and 
extract, in small grains of a yellowish and blackish brown co- 
lour, which exude from the trunk of the white mulberry, 
morus alla, L. It was collected, by Dr. Thompson, from trees 
in the botanic garden at Palermo; and seems peculiar to those 
individuals that grow in hot climates. T'rom its origin, it has 
been called, by Klaproth, moroxylic acid. * 

To obtain the acid in a separate state, the small grains, in 
which it occurs, were decomposed by acetate of lead, and to 
the insoluble precipitate, diluted sulphuric acid was added. 
From the liquid, fine needle-shaped crystals were obtained by 
evaporation, which had the taste of succinic acid; were not 
altered by exposure to air; dissolved readily in water and 
in alcohol; but did not, like succinic acid or its salts, precipi- 
tate metallic solutions. When heated in a retort, these crys- 
tals first yielded a little acid liquor, and then sublimed un- 
altered, adhering in colourless and transparent crystals to the 
top and neck of the retort. 

The compounds, which this acid forms with bases, have been 
called moroxylates. 


Art. 8.—JLaccie Acid. 


This, in strictness, should be classed among animal acids. 
It is obtained from the white lac of Madras, from which, when 
liquefied, it oozes out in drops. It is in the form of a reddish 
liquor, having a slightly bitter saltish taste; but, on evapora- 
tion, it shoots into acicular crystals, which are soluble in wa- 
ter, alcohol, and ether. It may be raised in distillation. It 
combines with carbonate of lime and soda, and excites effer- 
vescence. It precipitates lead and mercury from their solu- 
tions, but neither lime-water, nor the nitrates of silver or ba- 
ryta. It assumes, however, a green colour with lime-water, 
and a purplish one with sulphate of iron. A full account of 
its properties, and of those of the substance that affords it, 
may be found in Dr. Pearson’s paper in the Philosophical 
Transactions, 1794. 


® See Nicholson’s Journal, 8yo. vil. 129. 
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ART. 9, —Phosphoric Acid 


Exists in almost all vegetable substances, and particularly 
in all the varieties of grain, not, however, in a free state, but 
in combination chiefly with potassa and lime. Hence the coal 
ofalmost all kinds of seeds affords phosphorus by distillation, 
a fact originally observed by Maregraaf, and confirmed by the 
experiments of Saussure.* 


Arr. 10.—The Prussie Acid 


Has been discovered in water distilled from bitter almonds, 
from the leaves of the laurel, and from peach blossoms, and 
from the bark of the prunus padus. When the distilled liquid is 
neutralized with potassa, a crystallizable salt is obtained, the 
solution of which throws down prussian blue from the salts of 
iron. Vauquelin, also, obtained prussic acid by distilling 
water, with a very gentle heat, from the kernels of apricots. 


Art. 11.— Boletic Acid. 


This acid was first obtained by Braconnot, from the juice 
of the loletus pseudo-ignarius.t The Juice was boiled, filtered, 
and evaporated cautiously, to the consistence of syrup. This 
was repeatedly digested in alcohol; the insoluble portion was 
dissolved in water, and precipitated by nitrate of lead. The 
white precipitate, thus obtained, was mixed with water, and 
decomposed by sulphureted hydregen gas. The liquid, being 
evaporated, yielded crystals of boletic acid. . 

Lhe crystals, when purified by solution in alcohol, and re- 
crystallization, are white, and have the shape of irregular four- 
sided prisms. ‘They require 180 parts of water at 68° to dis- 
solve them, and 45 parts of alcohol. The aqueous solution 
reddens vegetable blucs, precipitates nitrate of lead; and 
throws down the peroxide, but not the protoxide of iron, from 
its solations. Nitrates of silver and mercury afford with it a 
white precipitate. 


—— —s ee 


ee 


* Nicholson’s Journal, xxv. 279. ft Annales de Chemie, xlv. 206, 
} Thomsou’s Annals, ii, 469. 
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With the alkalis and earths, it unites, and forms a class of 
salts, which may be called Loletates. 


Art. 12.—Zumic Acid, 


An acid was discovered, some years ago, by Braconnot, in 
vegetable substances,* which have undergone the acetous fer- 
mentation. He first procured it from rice, which had been 
left, mixed with water, at a gentle heat, till it had become 
sour. When drained in a woollen bag, a liquid passed through, 
which gave acetous acid by distillation. Continuing the eva- 
poration, almost to dryness, a gummy substance was left, 
having a decidedly acid taste. ‘This was digested in alcohol, 
and the solution, evaporated to the consistence of syrup, be- 
came a granular crystalline mass with a strongly acid taste. 
It still, however, contained a salt with base of lime. The ex- 
cess of acid was, therefore, neutralized by oxide of zinc; the 
salt obtained was decomposed by baryta; and the baryta pre-— 
cipitated by sulphuric acid. ‘The liquor, being now carefully 
evaporated to a syrup, left an uncrystallizable, almost colour- 
less, acid, nearly as strong to the taste as the oxalic. 

With potassa and soda, this acid gave deliquescent salts, 
soluble in aleohol; and, with ammonia, a crystallizable salt. 
It formed, with lime, a salt, which required 21 times its weight 
of water for solution; with strontia, a salt soluble in 8 parts 
of water; with baryta a gummy substance; and, with mag- 
nesia, small granular crystals, which were not soluble in less 
than 25 parts of water, 

Dr. Thomson, in the 5th edition of his System of Chemis- 
try proposed for this acid the name of Zumie Acid, from évun, 
leaven; but its title to be considered as a distinct compound 
has been rendered doubtful, if not annulled, by the experi- 
ments of Vogel, who finds that it closely resembles the lactic 
acid of Scheele and Berzelius. (Ann. of Phil. xii. 391.) 


ART. 13.—Rheumie Acid. 


A new acid was announced by Mr. Henderson as existing 
in the stems of garden rhubarb; but he candidly admitted the 


* 86 Ann, de Chim, 84, 
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possibility of fallacy (Thomson’s Ann. viii. 247), and Lassaigne 
afterwards proved (Ann. de Ch. et Phys. viii. 402), that the 
supposed new acid is merely the oxalic, united with some im- 
purities, which disguise its characteristic properties. 


Art. 14.—Kinic Acid. 


When yellow Peruvian bark is macerated in cold water, and 
the infusion concentrated and set apart for some time in an 
open vessel, a salt crystallizes from it in square or rhomboidal 
plates; having no taste; soluble in five parts of cold water ; 
and insoluble in alcohol. From this salt, first obtained by 
M. Deschamps, jun. of Lyons, Vauquelin separated the lime 
by oxalic acid, and concentrated the remaining liquor to the 
consistency of a syrup, which he set aside for a week, when, 
on touching it with a glass rod, it crystallized at once into 
divergent aa Its colour was slightly brown ; its taste ex- 
tremely acid and rather bitter; and it was readily soluble in 
water. It is distinguishable from other vegetable acids by its 
forming a soluble salt with lime, and by its not precipitating 
silver or lead from their respective solutions.* 

Beside the acids which have been described, there are a 
few others, the titles of some of which, to be considered as dis- 
tinct compounds, are so doubtful that it may be sufficient 
merely to enumerate them. : 

The meconic acid is described in connection with the sub- 
stance, morphia, with which it is associated. 

The isaguric acid, obtained by Pelletier and Caventou from 
Sé. Ignatius’s bean (Ann. de Ch. et Ph. viii.), approaches most 
nearly in its properties to the malic. 

The ellagic acid, obtained by Braconnot, and, it should ap- 
pear, before him, by Chevreul (Ann. de Ch. et Ph. ix. 229), is 
a tasteless white powder, with a shade of buff. Though pro- 
cured from galls, yet it differs essentially in its characters 
from gallic acid. It neutralizes potassa, soda, and ammonia, 
and forms with them salts difficult of solution. When heated, 
it affords a crystalline sublimate. 


* Ann. de Chim. lix. 162. 
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SECTION VI. 
Fixed or Fat Oils. 


1. TueEsE oils are obtained, by pressure, from certain ve- 
getable seeds, which for the most part have two cotyledons, as 
the almond, linseed, poppy-seed, rape-seed, hemp-seed, &c. 
and from the pulp surrounding the stone of the olive. 

2. As thus obtained, they are liquid, almost tasteless, unctu- 
ous to the feel, and give a greasy stain to paper, which heat 
does not remove. They are generally combined with muci- 
lage, to the spontaneous decomposition of which is chiefly 
owing the change that oils undergo by keeping, called ranci- 
dity. In this state they are viscid, and contain an uncom- 
bined acid, which reddens vegetable blue colours. 

3. They are usually coloured, but may be deprived of colour 
by digestion with animal charcoal, and by oxides of arsenic 
and of some other metals, but part of the oxide remains united 
with the oil. 

4. Their specific gravity is commonly between that of alco- 
hol and water; generally between .890 and .950, but varying 
in different oils and in different specimens of the same oil. 
Olive oil, for the most part, is of the sp. gr. .913; oil of almonds 
and of linseed .932; and oil of palm .968. Hence these oils 
sink in alcohol, and float on the surface of the water. They 
cannot, by strong agitation, be brought to combine with water, 
but always separate on standing. When the seeds, however, 
which contain them, are rubbed with water, especially if a lit- 
tle sugar be added, an imperfect solution is obtained, called 
an emulsion. On adding an acid to this, the oil is detached, 
and floats on the surface. 

5. The expressed oils of linseed and of olives, Mr. Brande 
finds, are very sparingly soluble in alcohol of specific gravity 
820. Four ounce measures of alcohol dissolve a drachm of 
linseed oil. Castor oil is perfectly soluble in every proportion 
in alcohol of .820, but not in weaker alcohol.* 


* Phil. Trans, 1811, p. 265. 
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6. Four ounce measures of sulphuric ether of specific gra- 
vity .7563 are capable of dissolving a fluid ounce and quarter 
of oil of almonds; a fluid ounce and half of olive oil; and 
almost any proportion of castor oil. (Brande.) 

7. Some of the fixed oils congeal, or become solid, by a very 
moderate reduction of their temperature; and others, as palm 
oil, are permanently thick, or form a soft solid like butter, at 
the temperature of the atmosphere. When the congealed oil 
is subjected to pressure between folds of blotting paper, a solid 
remains somewhat resembling wax, to which Chevreul has 
given the name of séedrin ; and the paper imbibes a fluid 
which he has called elain. These principles will be more 
fully described in speaking of animal oil, in which they exist 
in greater abundance and more distinctly characterized. 

8. They unite with alkalis, and form soap. The soap, 
however, which is commonly manufactured in this country, is 
made by combining the fixed alkalis with animal tallow. Of 
the processes followed in the preparation of soap, both from 
vegetable and animal oils, an excellent description is given in 
Messrs. Aikin’s Chemical Dictionary. A memoir of Chevreul 
on the Combination of Alkalis with Fat may, also, be con- 
sulted in the 88th and 94th volumes of the Annales de Chimie, 
and in the 16th vol. of the new series of that work. A valuable 
paper of Colin on the manufacture of hard soap is contained 
in the 3d vol. of Annales de Chimie et de Physique. 

Soap is readily soluble in water, and in alcohol, and by 
gently distilling off the latter solvent, the soap is recovered 
in a transparent state. The watery solution is decomposed by 
acids, and by neutral salts with earthy bases. Hence hard 
waters, which contain earthy salts, curdle soap; their acid 
uniting with the alkali of the soap, and setting the oil at 
liberty. When a strong solution of soap is mixed with one 
of a metallic salt, a substance is formed, termed a metallic 
soap. ‘The alkali unites with the acid of the salt, and the oil 
with the metallic oxide. 

9. Fixed oils dissolve sulphur, and form a kind of balsam. 
They act also on phosphorus. Both these substances, when 
dissolved in-the due proportion of hot oil, crystallize on 
cooling. 


Q 2 
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10. The. properties of fixed oils are changed by boiling 
with metallic oxides, those of lead for example. ‘The muci- 
lage unites with this oxide, which probably gives up a portion 
of its oxygen to the oil, and the oil is rendered drying, and 
fit for the use of the painter. If the oxide be added in a 
larger proportion, the mass, when cold, composes a plaster. 

Oils also may be rendered drying, by merely keeping them 
exposed to air, but the change is. effected more rapidly by 
boiling them some time in an open iron pot, which gives them 
a higher colour and greater consistency. For some purposes, 
they are occasionally set on fire while boiling, and extin- 
euished by covering the pot. ‘This deprives them of their 
unctuosity more completely than any other method ; and it is 
always practised with oil intended for printers’ ink. 

1. Fixed oils do not boil under 600° Fahr. An inflam- 
mable vapour arises from them under 500°, but this is con- 
densible, and when rectified is highly volatile and inflammable. 
It does not appear that permanent gases are generated from 
oil under 600° Fahr.; but at that temperature, or a little 
above it, water, and olefiant and carbureted hydrogen gases, 
are formed abundantly, with small proportions of acetic acid, 
carbonic acid, and carbonic oxide. Oil, transmitted through 
tubes moderately ignited, is wholly changed into these pro- 
ducts and carbonaceous matter. 

12. T'ixed oils are extremely combustible; and when biiagved 
in an apparatus, adapted for collecting the products of their 
combustion, they afford nothing beside carbonic acid and 
water. It may be inferred, therefore, that they contain carbon 
and hydrogen, the proportions of which, according to the 
experiments of Lavoisier, are 79 of the former and 21 of the 
latter. From this statement, however, oxygen is excluded, 
which it is certain that all fixed oils contain; for its presence 
is demonstrated by the following experiment of Sir H. Davy. 
When a globule of potassium is introduced into any of the 
fixed oils made hot, the first product is pure hydrogen, which 
arises from the decomposition of the water absorbed by the 
crust of potash during exposure to the atmosphere. If the 
globule ve previously freed from this crust, carbureted hy- 
drogen is disengaged, coaly matter deposited, and a soap is 
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formed. To generate the alkali, however, which this sozp 
contains, oxygen must necessarily have been supplied by the 
decomposition of the oil. Sir H. Davy has also found, in the 
-products of their destructive distillation by heat, a proportion 
of water, to the production of which oxygen is essential.* 

«Additional evidence of the presence of oxygen in oil has been 
supplied also by Gay Lussac and 'Thenard’s analysis of olive 
oil, which they find to be composed of 


OAEOU Chae s rest see eee Teel S 
MERC clei est ee cceee es OAT 
BPOLONEN cans cece ec tees E3300 


100. 
The analysis may be differently stated as follows : 


SES OS EE, Saori nee RON ES 

Oxygen and hydrogen in it 10.712 
proportions to form water 

Excess of hydrogen......... 12.075 


| 100. 
Olive oil, then, probably consists of 


10 atoms of carbon:........ 60 ..<. 76 
Patomict Oxyoen. 3. Yo... 8 . 454 20 
Ii atoms of hydrogen ...34. 1k .... 14 


79 100° 


_ Or, supposing each atom of carbon to be associated with 
1 of hydrogen, it will contain 10 atoms of olefiant gas, + 1 
atom of oxygen and 1 of hydrogen, the two latter probably 
constituting 1 atom of water. Hence olive oil must contain 
nine tenths of its weight of the elements of olefiant gas, in 
due proportions to form that aériform compound. 

13. Nitric acid acts with great energy on the fixed oils 
In a small proportion, its chief effect is to render them 
thicker. When distilled with a larger proportion of acid, the 
oil. is decomposed, and nitrous gas disengaged ; oxalic acid 
a 


oa Philosophical Transactions, 1808. 
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remaining in the retort. Red and smoking nitric acid, when 
suddenly mixed with a fixed oil, especially with the addition 
of a little sulphuric acid, occasions a violent combustion. 
Chlorine gas, passed through fat oils, thickens them, and ren- 
ders them tenacious like wax. Acid soap is best formed by 
uniting concentrated sulphuric acid with oil. It lathers with 
water like common soap, but can scarcely be considered as a 
permanent compound, and is of no practical use. 

14. The fixed oils have a singular property, which has led 
sometimes to serious accidents. When mixed with lamp 
black, or with any light kind of charcoal, and even with se- 
veral vegetable substances, as cotton-wool, or flax, the mix- 
ture, after some time, heats spontaneously, and at length 
bursts into flame. This spontaneous combustion has some- 
times been observed to take place in the waste cotton, which 
has been employed to wipe oil from machinery, and been 
thrown aside for a few hours. It has probably occasioned 
many of the calamitous fires, which have happened in cotton- 
mills, and for which no adequate cause could be assigned.* 


a 


SECTION VII. 
Volatile or Essential Oils. 


Witu the exception of the oil from the rinds of the lemon 
and the orange, which are obtained by expression, the essen- 
tial oils are procured, by distilling the vegetables that afford 
them, with a proper proportion of water. ‘The oil either 
sinks to the bottom, or swims on the surface of the water, 
according to its specific gravity. If the distilled water be 
very long kept, Bucholz finds that the oil is converted into 
mucilage. 

1. These oils have a penetrating and often a fragrant smell, 
and an acrid taste which, however, is in many cases agreeable 
when they are sufficiently diluted. Their colours vary ex- 


* See Journal of Science, &c. v. 367. 
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ceedingly, not only in different oils, but in thé same oil ac- 
cording to its age. 

2. They are volatilized by a heat below 212° Fahr. Hence 
the spot, which they leave on paper, may be removed by 
holding it at a small distance from the fire; but the stains 
from expressed oils are permanent. In this way, their adul- 
teration with fixed oils may be detected. 

8. They can, with difficulty, be brought to unite with 
alkalis; and seem indeed to resist combination with those 
bases, until by oxygenation they are converted into resin. 
Hence the necessity for the long and tedious trituration of 
alkali with oil of turpentine, which is required to form the 
compound called Starkey’s soap. 

4. They are all soluble in alcohol, but in different pro- 
portions. 

5. They do not unite with water. With the intervention 
of a little sugar, however, they are combinable, in small pro- 
portion, with water. 

6. When nitric acid is poured upon these oils, especially 
if it has been previously mixed with one fifth or one sixth of 
sulphuric acid, the mixture bursts into a violent flame. This 
experiment requires caution, as the inflamed oil is apt to be 
scattered about. : 

7. Several of them detonate, when rubbed with chlorate 
of potassa, and take fire when poured into chlorine gas. 

8. Essential oils are thickened by long exposure to air. 
This is owing, as Dr. Priestley first proved, to their absorbing 
oxygen, a fact which accounts, in some degree, for the inju- 
rious effects of fresh painted rooms. But they also undergo 
a material change when exposed to the light in close vessels; 
their colour deepens; they become more consistent and even 
unctuous; and their specific gravity is increased. In this 
case too, the absorption of oxygen probably takes place, for 
the change is more complete, the more air is included in the 
vessel, with the oil. 

9. Potassium decomposes the volatile oils when heated. 
Alkali is formed; a small quantity of gas is evolved; and 
charcoal is deposited. 

10. When digested with sulphur they unite with it, form- 
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ing what have been called lalsams of sulphur. ‘These, when 
heated strongly, give a large quantity of sulphureted hydrogen 
gas. 

11. Essential oils dissolve phosphorus at atlipesting heat. 
When 1 part of phosphorus and 10 of camphor are triturated 
together, and then dissolved in oil of cloves or some other 
essential oil, a permanent solution is obtained called liquid 
phosphorus, which renders every thing that is rubbed wae it 
luminous without causing combustion. 

One of the most useful and abundant of the essential mae 
is that of turpentine, called commonly spirit of turpentine. It 
is obtained by distilling turpentine and water, in due propor- 
tions, from a copper alembic. It is perfectly limpid and co- 
lourless, has a strong smell, a bitterish taste, boils at 316°, and 
is extremely inflammable. It is the solvent which is employed 
in making a variety of varnishes, but for purposes of nicety it 
requires to be rectified by a second distillation. | 

Dr. Ure analyzed a ‘praeee of sp. gr. 0.888, and found it 
to be composed of 


Carbon.14 atoms...... 84 seeee- 82.35 
Hydrogen 10 atoms.... 10 ...... 9.80 
Oxygen Tatom ss... Re ee | TBS 


PSTD 


102 100. 
When purified by alcohol, it had the sp. gr. 0.878, and 


appeared to be compounded of carbon and hydrogen only, 


_and to approach very nearly to the constitution of naphtha. 
(Phil. Trans. 1822.) 


. Camphor. 


Camphor is a white, semi-transparent, and highly inflam- 
mable solid, which in some properties resembles essential oils. 
It is obtained from the laurus camphora, in Japan, and other 
places in the East, by distilling the wood along with water. 
After being brought to Europe, it is refined by a second sub- 
limation in vessels of glass, whose shape it takes. In this 
state it has a crystalline fracture, is brittle, has an aromatic 
odour, and a hot acrid taste. Its specific gravity is 0.988. 

Camphor melts at 288° Fahr., and boils at 400° It is 


SECT. VII. VOLATILE OR ESSENTIAL OILS. 233 


ad 


volatile, and evaporates spontaneously, and. condenses in the 
upper part of any glass vessel in which it is kept, in hexa- 
gonal plates or pyramids. 

It is insoluble in water, but communicates its flavour to 
hot water when triturated along with it, especially if a little 
sugar be added. It is soluble to a considerable extent in 
alcohol, which takes up 3-4ths of its weight. On adding 
water, the camphor is again precipitated. It is soluble also 
both in fixed and volatile oils, and in strong acetic acid. 

Sulphuric acid was found by Mr. Hatchett to produce a 
complete decomposition of camphor, and to convert it into 
charcoal, a yellow oil, and a blackish brown resin analogous 
to artificial tan. (Phil. Trans. 1805.) 

By the action of nitric acid, camphor is acidified. For this 
purpose, eamphor is to be repeatedly distilled with four times 
its weight of nitric acid, till about 20 parts of acid have been 
employed. At each operation, the portion of camphor, 
which sublimes and escapes decomposition, is to be returned 
into the retort. The acid is susceptible of crystallization ; 
the crystals efHoresce in the air, and are soluble in 100 times 
their weight of cold, or in 11 times their weight of boiling 
water; they are combustible; and burn with a dense, aro- 
“matic smoke; they melt and sublime with a gentle heat, and 
dissolve in the mineral acids. They dissolve also in about six 
times their weight of cold alcohol, or to any amount in boiling 
alcohol; and are not precipitated by water. With alkalis 
and earths they compose’a class of salts called camphorates. 
Fifty grains of the acid are saturated by 28 of carbonate of 
lime = 15.7 pure lime. 

The ultimate analysis of camphor has been performed by 
Dr. Ure, who represents its constitution as follows : 


Carbon... am... 10 atoms ..,-,60. .»0-«. 78.02 
ORS PCs scm 1 MOM “iain 28 054 wag SOO 
EIyGrogen. «44. <9 GLOWS, 6 549. snus 11.58 


77 100. 


A-singular substance, very much resembling camphor in 
its sensible and chemical properties, may be obtained by pass- 
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ing muriatic acid gas through essential oil of turpentine, 
which absorbs about a third of its weight. The oil of tur- 
_ pentine becomes thick, from an abundance of a white crys- 
talline substance which forms in it. This may be separated 
by draining off the liquid; and is found rather to exceed the 
weight of the essential oil submitted to experiment.* It is 
white, crystalline, granular, volatile in a moderate heat, and 
has very much the smell of cainphor. By exposure to the 
air, it soon loses its property of reddening vegetable blue 
colours. As to the theory of its production, Thenard is of 
opinion that no decomposition of the oil of turpentine takes 
place; but that the muriatic acid unites to it entire. Ordinary 
camphor of commerce, he supposes, from analogy, to be a 
compound of an essential oil and a vegetable acid. 


SECTION VIII. 
Resins. 


Resins are the inspissated juices of certain plants, and are 
generally obtained by wounding their bark. Copal, or lac, 
may be taken as an example. Dragon’s blood, guaiacum, 
mastick, elemi, anime, tacamahac, sandarach, labdanum, resin, 
and turpentine, are also varieties of this substance. Common 
resin, or rosin, is the substance which remains after the distil- | 
Jation of turpentine. 

1. Resins have generally a yellow colour, and are imper- 
fectly transparent. In specific gravity they exceed water, That 
of rosin is 1.080. 

2. They are dry, brittle, and extremely ‘ifaaaaall and 
emit during combustion a copious and dense smoke. 

3. All the resins are fusible. Common rosin melts at 156°, 
and assumes the consistence of turpentine. If the heat be 
increased it swells ups and becomes filled with bubbles, owing 
to a quantity of water and probably of essential oil which are 


* Thenard, Mémoires d’Arcueil, ii. 
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volatilized. At 256° it becomes quite fluid, and, if kept long 
enough at that temperature, it loses all its water, and concretes 
into a reddish yellow resin. (Thomson, Ann. of Phil. xv.) 

4. Resins dissolve in alcohol, ether, and essential oils; but 
not at all in water, which even precipitates them from the 
foregoing solvents. Of common rosin, alcohol, sp. gr. 0.835, 
dissolves 1-8th of its weight at 60° temperature. 

5. Both acids and fixed alkalis act on resins; the pure 
alkalis most remarkably. The alkaline solution is clear, and 
may be diluted with water without decomposition ; but acids 
immediately precipitate the resin. By mixing it with a solu- 
tion of a metallic salt, the oxide is precipitated in combination 
with resin. Alkaline carbonates also dissolve resin when 
boiled along with it. ‘The alkaline solutions have the pro- 
perties of soap. Into common brown soap, indeed, a portion 
of resin always enters as an ingredient. Ammonia acts but 
feebly as a solvent of these bodies. 

6. By long continued and repeated digestion with nitric 
acid, the resins afford a deep yellow solution, which has the 
property of precipitating animal gelatine, and agrees, there- 
ore, with tannin. No oxalic acid is obtained by this process, 
a circumstance which distinguishes the resins from all other 
vegetable substances. (Hatchett, Phil. Trans. 1805.) 

7. Concentrated sulphuric acid dissolves the powdered 
resins. If the solution be digested in a moderate heat, sul- 
phurous acid is first evolved; in a few days this ceases; and 
a black porous coal remains, equal to from 40 to 70 per cent. 
of the weight of the resin which has been employed ; whereas; 
by incineration in close vessels, little more than ;1,th part 


100 
their weight of coal is obtained. In the latter case, the char- 


coal is carried off in combination with hydrogen. 

Acetic acid dissolves resins, which are precipitated from it 
by the addition of water. 

8. Resins are the basis of varnishes, and are much used in 
medicine. 

There is a remarkable want of agreement between different 
statements of the composition of the same kind of resin, 
arising, probably, from actual differences of the substance 
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itself. Common resin afforded, in an analysis by Gay Lussac 
and Thenard, 


Carbon..... 75.944 .... = 15 atoms .... 90 
mes. 198.5387): ee OI a 
Piydragen. 10.799 222 ="TS dor" 3 


eee ee 


100. 119 
* But Dr. Thomson (Ann. of Phil. xv. y analyzing it by 


peroxide of copper, obtained 


Carbon v.65. sein nied 10 atoms .... 60 
Oxygen’, os 21 25.26 oteoe = 3 do. eeee 2 4: 
Hydrogewiis; dee a = IPS do a 


— 


100. ate 93am 


And resin which had been heated to 276°, and had lost a 
quantity of water, and probably of essential oil, afforded. 


Carbon. ss s:33 48,98..45.010, 5, 4 atoms se. 24 
OXY PEN ie on» 0/4 Sv 98 ia.0 55 0) FeO pres an Be 
Hydrogen. oi...) 2:04: 09 06) Ly dO. ipsisieroied 


= 


100. | 49, 


Dr. Ure states the following as the results of his analysis 
of resin: 


Carbon '.....+ 75.00 ..., = -8 atoms s-.. 48 
Oxygen e®eee8e8e 12.50 @ee s — ] do. e te ‘ 8 
PIVORO CC Sins 100 .cea = 6 Os cies 6 


100. | - 64 


Statements, so much at variance with each other, sufficiently 
show that the ultimate analysis of resin still requires a fresh 
appeal to experiment. 

In the analysis of copal, also, theve is some disagreement, | 
though less considerable, between the results of MM. Gay 
Lussac and Thenard, and those of Dr. Ure. Copal consists, 
according to. 
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da Carbon. Oxygen. Hydrogen. 
Gay Lussac and Thenard... 76.811 .. 10.606 .. 12.583 
Dr. Ure, from experiment .. 75. «) 12:50. 749250 
Ditto, from theory :....... 80.30: .. 10.34 .. 9.36 


In the theoretical view, the carbon is increased, on account 
of the difficulty which was experienced in burning it com- 
pletely by peroxide of copper. Thus modified, its constitution 
may be represented by 10 atoms of carbon + 1 of oxygen + 
7 of hydrogen, and its equivalent by the number 75. 

Native balsams are liquid resins, holding in combination s | 
proportion of Benzoic acid.* | 

Gum resins, along with resin, have an admixture of ex- 
tractive matter. They dissolve partly in water, and partly in 
alcohol. They are almost solely used in medicine. Asafoctida, 
gum-ammoniac, aloes, gamboge, myrrh, opium, &c., are va- 
rieties of gum-resin.} 

Guaiacum was observed by Mr. Hatchett to differ from 
other resins in giving oxalic acid by the action of nitric acid, 
and very little tannin. In other respects, also, it has been 
since shown, by Mr. Brande, to possess properties that do not 
agree with those of resins in general. (Phil. Trans. 1806.) 

Amber is a resin possessed of peculiar properties. It is 
found in some places beneath the surface of the earth, and in 
others on the sea coast. It is hard, brittle, nearly trans- 
parent, sometimes almost colourless, but generally of a pe- 
culiar yellow colour, which has been called amber yellow. Its 
specific gravity is 1.065 ; it is insoluble in water; but alcohol 
by long digestion takes up about 1-8th of the amber, and 
forms a solution which is rendered milky by adding water. 
The residue is not soluble in alcohol. Amber is soluble in 
boiling solution of potassa, and after a length of time in alka- 
line carbonates. 

Weak acids do not act on amber. Sulphurie acid converts 
it into a black resinous mass. Nitric acid dissolves it, but no 


* See 69 Ann. de Chim. 293. Sidhe 

+ The reader, who may wish for further information respecting the gum- 
resins, may consult Braconnct’s Memoir in the 28th vol. of Nicholson’s 
Journal ; and Pelletier’s in the 80th vol. of Annales de Chimie. 


wv 
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oxalic acid is formed. After being melted, it becomes soluble 
in linseed oil, and forms amber varnish. 

By distillation per se it yields a distinct acid, called the 
succinic—To prepare this acid, let a glass retort be half 
filled with powdered amber, and the remainder with fine dry 
sand.* Lute a receiver, and apply a gentle heat. A portion 
of water first comes over, which is succeeded by a weak acetic 
acid, ‘The succinic acid then sublimes; but is contaminated 
by a mixture of oil. It may be parified by solution and crys- 
tallization; and it then forms transparent white shining 
crystals, having the form of triangular prisms. ‘They are 
soluble in 24 times their weight of water, and in boiling 
alcohol. The solution reddens the blue colour of turnsole, 
but not that of violets, and has an acid taste. It combines 
with alkalis, &c., and forms succinates, the most important of 
which is the succinate of ammonia. This salt decomposes all 
the solutions of iron; and affords an insoluble precipitate, 
composed of succinate of iron. Hence it is highly useful in 
the analysis of mineral waters. ; 

Berzelius states the composition of the succinic acid as 
follows: 


Tivarogen ,.  4agle 5 «. » ex 2 ALOMIB es 5s 
Carbon...» 47,600 ..... = Sednto vi... 24 
Oxygen... 27.898 «se0 =o CMO cas. oe 


100.+ 50 

By experiments on its compound with peroxide of iron, 
Dr. Thomson, also, deduces 50 to be the equivalent of suc- 
cinic acid. 

Succinate of potassa crystallizes in three sided prisms. It 
is bitter, very soluble, and deliquescent. 

Succinate of soda forms beautiful transparent crystals, which 
have a bitter taste, are not deliquescent, and are less soluble 
than the foregoing salt. 

Succinate of ammonia does not readily crystallize, but may 


* Useful directions for this process are given by Robiquet and Colin, 
Ann. de Chim. et Phys. iv. 326. See also Ann, of Phil. xv, 388. 
+ 94 Ann, de Chim, 189. 
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be obtained in small needles, which have a sharp bitter taste 
and may be sublimed without decomposition. Its solution pre- 
cipitates peroxide of iron of a deep red colour. It also throws 
down baryta and mercury ; and with the oxides of lead, copper, 
and perhaps some other oxides, forms white precipitates, 
which are dissolved on adding a large quantity of water. It 
is much employed as a test of iron. 

Succinate of strontia forms crystals as fine as sand, which 
are considerably more soluble than the last mentioned salt, 
and their solution precipitates barytic salts. 

Succinate of magnesia is deliquescent and not crystallizable. 

Succinate of alumina crystallizes in prisms. 

Succinate of manganese forms rose red crystals, insoluble in 
alcohol, and requiring 10 times their weight of water for solu- 
tion. 

Succinate of iron, formed by adding succinate of ammonia 
to the solution of any salt containing peroxide of iron, is in- 
soluble in water. In 100 parts it contains 38.5 peroxide. 
To estimate the quantity of base, Dr. Thomson advises to 
multiply the weight of the precipitate, dried as perfectly as 
possible without decomposing it, by 0.444, which gives the 
peroxide of iron. ‘To estimate the acid, multiply by 0.555. 
(Ann. of Phil. N.S. ii. 141.) : 

Succinate of lead, formed by double decomposition, consists, 
according to Berzelius, of 30.9 acid + 69.1 protoxide, or of 
100 acid + 222base. By digesting this compound in liquid 
ammonia, he obtained a sub-succinate consisting of 100 acid + 
666 base. In the first salt we have an atom of each element; 
in the second 1 atom of acid -+ 3 atoms of base. 


—— ie 


SECTION IX. 


Farina, Starch, or Fecula. 


StrarcH may be obtained from the flour of most varieties of 
grain, from the roots of the potato, and from almost every 
part of vegetables, by a very simple process. The grain, in 
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the state of fine powder, or the root well rasped, is to be 
washed with a quantity of cold water, which becomes turbid ; 
and, if the fecula is white, milky. ‘The fecula, however, is 
not dissolved, but merely suspended mechanically; and, after 
separating the fibrous and grosser parts by a sieve, it subsides 
to the bottom of the vessel. ‘The liquid, which contains the 
soluble parts of the vegetable, is to be decanted, and the 
farina to be washed by repeated affusions of cold water. It 
may, afterwards, be dried in a gentle heat. 

When starch is prepared in the large way, the grain itself 
is steeped in water, till it becomes soft, and yields a milky fluid 
on pressure. It is then put into coarse sacks, which are 
strongly pressed in vats filled with water. ‘The sacks are then 
removed, and the starch subsides to the bottom. Being suf- 
fered to remain some time, the supernatant fluid ferments, and 
acetous acid is formed, which dissolves the impurities, and 
leaves only the starch. ‘The process is fully described in the 
29th vol. of the Phil. Magazine. On drying, the starch 
splits into columnar masses of asmall size, but forming prisms 
of considerable regularity. 

From the analysis of Dr. Pearson* we learn that 100 parts 
of the fresh potato root, deprived of skin, afford 
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The meal is composed of three distinct substances ; viz. 
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‘Extract or mucilage......6... 5 to 6 


28 .. 32 


Some useful information respecting the quantity of starch 
in different varieties of the potato, and the methods of sepa- 
rating it, has been given by Mr. Skrimshire in the 21st vol. 


* Repertory of Arts, iii, 383. The analysis of several varieties of the 
potato by Lampadius may be seen in Thomson’s Annals, v. 39. 
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of Nicholson’s Journal. In this root, according to Dr. Pes- 
chier, it is accompanied also by sugar. (Ann. of Phil. xii. 
337.) The proportion of starch in sound and unsound grain, 
and the causes of unsoundness in corn and flour, have been 
ably investigated by Mr. E. Davy, in a memoir published in 
the 49th volume of the Philosophical Magazine. Of rice, 
starch constitutes, according to Braconnot, from 83 to 85 per 
cent.* 

Common starch, though not absolutely free from gluten, 
may be taken as a fair example of this substance. It will be 
found to have the following qualities : 

1. It is not soluble in water, unless when heated to 160°; 
and if the temperature be raised to 180°, the solution coagu- 
lates into a thick tenacious transparent jelly. By evaporation 
at a low heat, this jelly shrinks, and at length forms a trans- 
parent brittle substance closely resembling gum. The solution 
of starch in a large quantity of water is precipitated by Gou- 
lard’s extract of lead; but not by any other metallic salt. 
‘The watery solution of starch, when left exposed to the air, 
becomes mouldy and sour, probably in consequence of the 
production of acetic acid. © 

2. Starch is insoluble in alcohol and in ether. 

3. Pure liquid alkalis act on starch, and convert it into a 
transparent jelly. The alkaline compound is soluble in al- 
cohol. It is decomposed by acids, and the starch is recovered. 

4, Sulphuric acid dissolves starch slowly ; sulphurous acid 
is evolved; and so much charcoal is disengaged, that the 
vessel may be inverted, without spilling its contents. Diluted 
sulphuric acid has no action on starch. _ 

5. Concentrated nitric acid, at the temperature of the at- 
mosphere, acts on starch, and dissolves it; but no oxalic 
acid appears subsequently, unless the mixture be heated. 
Hot nitric acid is decomposed by starch, and oxalic acid is 
generated. 

6. A solution of one part of starch in SO parts of water is 
not affected by lime water, nor by strontitic water, but barytic 
water occasions a copious white flakev precipitate, which is 


* Ann. de Chim. et Phys, iv. 383, 
VOL. II, R 
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redissolved by adding muriatic acid in excess.  Silicated 
potassa effects no change in solution of starch. 

7. Starch is dissolved by a hot infusion of nut galls, but as the 
solution cools, it becomes opake, and deposits a curdy precipi- 
tate, which is again dissolved by a heat of 120° Fahr. and 
deposited again on cooling. This precipitate is composed of 
tan and starch, which seem capable of uniting in several pro- 
portions. Its alternate solution by a temperature of 120°, 
and re-appearance on cooling, Dr. Thomson considers as 
characteristic of starch. (System of Chemistry, iv. 71.) 

Starch, as it exists in grain, is spontaneously convertible 
into sugar. On this property is founded the process of malt- 
ing. 

The grain, from which malt is most commonly prepared, 
is barley. In this grain, Proust has discovered, beside the 
ingredients of wheat, a peculiar substance, nearly resembling 
saw-dust in its external characters, to which he has given the 
name of hordein.* ‘This substance may be separated from 
starch by the action of hot water, in which it is quite inso- 
luble. During the process of malting, its proportion is con- 
siderably dimiuished, and it appears to be partly converted 
into sugar, or into starch, as will appear from the following 
comparative analysis of malted and unmalted barley. 

In 100 parts In 100 parts 
of barley. of malt. 
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It appears, then, that the formation of malt consists in the 
increase of gum, sugar, and starch, and the diminution of 
gluten and hordein. ‘The starch, that remains after malting, 
is found changed in its properties; for it does not as before 
yield a viscid paste, capable of gelatinizing on cooling. The 
process of malting is not, however, essential to the produc- 


« Ann. de Chim. et Phys. v. 337, 
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tion of alcohol from grain; for in the Scotch distilleries it has 
long been common to use a large proportion of unmalted 
barley ; and M. Clément, by direct comparative experiments, 
obtained equal quantities of alcohol by fermenting the infu- 
sions of equal weights of malted and of unmalted grain.* 
As, however, the proportion of crude grain is increased, the 
process appears to become more and more delicate, and the 
production of alcohol is more liable to be interrupted by the 
acetous fermentation. The practicability of converting 
starch at once into alcohol, without-passing through the inter- 
mediate state of sugar, is proved also by the large proportion 
cf alcoho! which may be obtained by fermenting potatos, 
225 pounds of which yield about 34 pints of alcohol, sp. er. 
0.935. (Ann. de Chim. et Phys. xiii. 288.) The spirit ob- 
tained from unmalted barley has a peculiar odour, which is 
owing to its holding in solution a yellow solid oil, separable by 
careful distillation + of the alcohol. 

The loss of weight sustained by grain in malting, which 
Proust states at one third, Dr. ‘Thomson asserts is greatly 
over-rated, and that it did not, on an average of 50 processes, 
carried on under his inspection upon a large scale, exceed one 
fifth. The hordein of Proust, he considers as starch under 
some modification, which is changed, by malting, partly into 
true starch, and partly into sugar. 2 

Another method of converting starch into sugar was dis- 
covered by M. Kirchoff of St. Petersburg. The change is 
effected by the action of diluted sulphuric acid, when boiled, 
for many hours, with starch and water. The process has 
been successfully repeated by several persons, and among the 
rest by M. Vogel § and by Dr. Tuthill of London. || The 
latter digested a pound and half of potato starch (obtained 
from 83. pounds of potatos) six pints of distilled water, and a 
quarter of an ounce by weight of sulphuric acid, in an earthen 
vessel, at a boilmg heat; the mixture being frequently stirred, 
and kept at am uniform degree of fluidity by the supply of 


* Ann. de Chim. et Phys. v. 422. + Thomson’s Annals, xii. 35. 
j Annals of Philosophy, x, 389. § Ann. de Chim, 1. 82. 
| Nich. Jour. vol. 33. 
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fresh water. In 24 hours there was an evident sweetness, 
which increased till the close of the process; at the end of 34 
hours an ounce of finely powdered charcoal was added, and 
the boiling kept up two hours longer. The acid was then 
carefully saturated by recently burned lime; and the boiling 
continued for half an hour, after which the liquor was passed 
through calico, and the substance, remaining on the drainer, 
washed repeatedly with warm water. This, when dry, weighed 
seven cighths of an ounce, and consisted of charcoal and 
sulphate of lime. The clear liquor, being evaporated to the 
eonsistence of syrup, and set aside, was in eight days con- 
verted into a crystalline mass, resembling common brown 
sugar with a mixture of treacle. ‘The saccharine matter, 
which Dr. Tuthill judged to be intermediate between cane 
sugar and grape sugar, weighed one pound and a quarter. 
By fermenting one pound of this substance in the usual man- 
ner, and distilling and rectifying the product, fourteen drachms 
by measure of proof spirit were obtained. 

The differences between starch sugar, and common sugar 
from the sugar cane, have been pointed out by Nasse. Starch 
sugar assumes the form of spherical crystals like honey. It is 
not so hard, nor so sweet, nor so soluble in water, as common 
sugar. When it is digested with an alkaline carbonate, a 
precipitation of mucilage takes place; and the same precipi- 
tation is occasioned from a solution of starch sugar by muriate 
of tin. The solution of starch sugar ferments without the 
addition of yeast, which is not the case with common sugar.* 

It had been demonstrated, by Professor de la Rive of 
Geneva, that in the formation of sugar from starch, no gas is 
evolved; that the alteration of the starch goes on in close 
vessels without the contact of air; and that no part of the 
sulphuric acid is either decomposed, or united to the starch 
as a constituent. These results were afterwards confirmed by 
the experiments of M. Theodore de Saussure,} who has fur- 
ther shown, that the sugar which is obtained, exceeds, by 
about one tenth, the original weight of the starch. He con- 
cludes, therefore, that the conversion of starch into sugar is 


* Thomson’s Annals, vil. 47. + Ibid. vi, 424, 
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nothing else than the combination of starch with water in a 
solid state, a conclusion which is strengthened by the results 
of analyzing those two substances, viz. 

Carbon. Oxygen. Hydr. Azote. 


‘In starch were found..... 45.39 | 48.31 | 5.90 | 0.40 
In starch sugar.......... 37.29 | 55.87 | 6.84 | 0. 


In 100 parts of starch, the oxygen and hydrogen are suffi- 
cient to form 50.48 parts of water, with an excess of 3.76 
oxygen. In starch sugar, the same principles exist in quan- 
tities sufficient to compose 58.44 parts of water, being an in- 
crease of nearly 8, and there is still an excess of 4.26 parts of 
oxygen. 

8. Starch, by being long kept in a state of mixture with 
water, either in vacuo or with the access of air, undergoes a 
series of changes which have been attentively investigated by 
Vogel and Saussure. Vogel found that starch and water, 
kept during four days in ebullition, became much more fluid, 
and that a liquid drained from it when placed on a linen cloth, 
which was mucilaginous and bitter, but not in the least degree 
saccharine. ‘The residuum was insoluble in water, and re- 
sembled horn. Saussure* left a paste formed of starch and 
12 times its weight of water exposed to the air with a wide 
surface during two years. It had then become a grey liquid, 
covered with mould, free from smell, and having no action 
on vegetable blue colours. The starch had lost nearly one 
fourth of its weight, and the remainder was converted into 
the following substances : 


1, Sugar, amounting to one half of the starch. 

2. Gum, or rather a substance resembling it, and ana~ 
logous to what is obtained by roasting starch. 

3. Amyline. 

4. Starchy lignin. 

5. Lignin mixed with charcoal. 


Amyline (called amydine by Saussure) is intermediate be- 
tween gum and starch. It is soluble in boiling water, and 


* Phil. Trans. 1819. 
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the solution yields by evaporation a pale semitransparent 
brittle substance, insoluble in alcohol, but soluble in ten times 
its weight of cold water, and to any amount in water at 144°, 
The solution is coagulated into a white paste by sub-acetate 
of lead. When treated with iodine, it assumes a blue colour. 
It is precipitated by barytic water, but not by fixed alkalis, 
by lime-water, nor by infusion of galls. 

Sterchy lignin——When the residue of the spontaneous de- 
composition of starch has been washed successively with cold 
and hot water, with alcohol, and with diluted sulphuric acid, 
an alkaline ley, containing 1-12th its weight of potassa, still 
takes up a further portion. From this solution, diluted sul- 
phuric acid precipitates a light brown combustible substance 
having the appearance of jet. It gives a blue colour to the 
agueous solution of iodine, a property which, together with its 
solubility in a weak alkaline liquor, distinguishes it from 
common lignin. It is not impossible, however, that the effect 
of iodine may depend on the presence of a small quantity of 
starch. 

9. When strongly heated, starch becomes first yellow, and 
afterwards assumes a reddish brown colour; it softens, swells, 
and exhales a penetrating smell. If the process be stopped, 
a substance is the result, which is employed by calico-printers 
under the name of British gum. Its solution is not turned 
blue by iodine. This substance, however, Vauquelin finds, is 
not a true mucilage; for with nitric acid it gives only oxalic 
acid, and no mucic acid.* Lassaigne, by evaporating its 
aqueous solution to dryness, obtained a brownish yellow viscid 
matter. When boiling alcohol was digested with the dry 
mass, a fawn coloured solution resulied, and this, by evapora- 
tion, gave a residuum which was only in part soluble by al- 
cohol. The insoluble portion was taken up by water; and 
the solution, on evaporation, yielded a product very similar 
to the gum which exudes from some trees, at the period when 
they ripen their fruit. Even this gummy matter, however, 


* 80 Ann. de Chim. $17. See also Annals of Phil. v. 38, xvi. 87, and 
Ann, de Chim. xe, 29. 
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gave only oxalic acid, without a trace of mucic or lactic 
acid, and differed therefore from true gum. 

10. Starch, distilled in close vessels at a high temperature, 
yields an acid, which has been called the pyromucous, but 
which, in fact, is nothing more than vinegar holding an empy- 
reumatic oil in solution. 

11. When four parts of starch, and one of finely powdered 
prussian blue, are intimately mixed, and then boiled in a con- 
siderable quantity of water, a liquid is obtained which, if 
heated with a solution of sulphate of tron, mixed with an equal 
volume of solution of chlorine, forms a very fine prussian blue. 
The starch by this combination appears to be changed in its 
nature, and converted into an imperiect kind of gum. (Ann. 
of Phil. xiii. 69.) 

12. When starch and iodine are triturated together, both 
in a dry state, the starch assumes a violet tint, which passes 
to blue or to black, according to the proportions that are em- 
ployed. The colour of this zoduret, or iodide of starch, is red- 
dish, if the starch be in excess; a beautiful blue, when the 
two bodies are in due proportion ; and black, when the iodine 
prevaiis. This compound is soluble in diluted sulphuric acid, 
and the liquor is of a fine blue colour. Concentrated sul- 
phuric acid, also, dissolves it, and the solution is brown, but 
passes to a beautiful blue on the addition of water. There is 
also a sub-ioduret of starch, which is white, but becomes blue 
by the action of almost any acid.* 

Starch from wheat has been analyzed by Gay Lussac and 
Thenard, and that from potatos by Berzelius, and the near 
coincidence of their results, obtained by different methods, is 
a strong presumption in favour of their accuracy, as well as 
of the uniformity of this substance, from whatsoever source it 
may be obtained. Starch consists, 


Carbon. Oxygen, Hydrogen. 
According to Gay Lussac, of .. 43.55 .. 49.68 ., 6.77 


—— Berzelius, ..of., 43.481.. 48.455.. 7.064 


Dr. Ure found starch to consist of 38.55 carbon, + 6.13 


ae 


-* Colin and Gaultier de Claubry. 90 Ann. de Chim. 100. 


948 VEGETABLE SUBSTANCES. CHAP. X 


hydrogen, + 55.32 oxygen; but as he acknowledges that the 
starch submitted to his experiments had not been chemically 
dried, it is probable that they indicate too little carbon and 
too much oxygen. 

The equivalent of starch, if deduced from its ultimate ana- 
lysis, would approach very closely to that of sugar. It is pro- 
bable, indeed, that in this, as well as in other instances of ve- 
getable compounds, the difference consists merely in the 
manner in which the elementary atoins are arranged; a view of 
the subject with which the conversion of starch into sugar, by 
processes not attended with the evolution of any gaseous pro- 
ducts, is perfectly consistent. Berzelius investigated the equi- 
valent of starch, by examining the composition of the inso- 
luble amylate of lead, formed by mixing a boiling solution of 
potato starch with one of sub-nitrate of lead. (Ann. of Phil. 
v. 272.) ‘This he found to consist of 72 parts of starch + 28 
of oxide of lead; and, reasoning from its composition, he in- 
fers that starch must be constituted, either of 6 atoms of 
oxygen + 7 of carbon + 13 of hydrogen, or of 18 atoms of 
oxygen + 21 of carbon + 39 of hydrogen. In this case, the 
same agreement does not exist between the number deducible 
from ultimate analysis and from a compound of the entire sub- 
stance with oxide of lead, as in the instance of sugar; for the 
equivalent, most consistent with the first supposition, would be 
not less than 103; whereas that for sugar is only 81. In this, 
as in various other cases, where the constitution of organic 
substances is concerned, it is better to wait for the further 
progress of science, than to rest satisfied with equivalent 
numbers, which are not supported by the concurrence of dif= 
ferent methods of investigation. 

Beside the starch of the cerealia and of potatos, the follow- 
ing varieties of this substance are also met with. 

Indian arrow root is obtained from the roots of the Maranta 
Arundinacea, L,aplant cultivated in the West Indies. The roots, 
first well washed, are beaten in large and deep wooden mor- 
tars toa pulp. This is thrown into a tub full of clean water, 
where it is well worked with the hands, and the fibrous parts 
are wrung out and thrown away. ‘The milky liquor is passed 
through a hair sieve and allowed to settle, and the clear liquor 
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drained off. The powder at the bottom of the vessel is again 
repeatedly washed, and then dried in the sun. 

Sago is prepared from the pith of a palm-tree (Cycas ctr- 
cinalis, L.) which grows spontaneously in the East Indies. 
The pith is scooped out, diluted with water, and passed through 
a straining bag, which detains only the fibrous matter. The 
sago is allowed to settle, and when partly dry is granulated 
by forcing it through apertures of the proper size. Its colour 
is occasioned by the heat used in drying it. 

Cassava and Tapioca are prepared from the roots of the 
Jatropha Manihat, a plant common in South America. By 
pressure, a juice of poisonous quality flows out; yet the sedi- 
ment from it, called, when well washed and dried, Cassava, 
is perfectly innocent; and is made into a nutritious bread. ‘Ta- 
pioca is the same substance, under a different form, which it 
assumes in drying. 

Salop, or Saloop, is the farina obtained from several species 
of Orchis, especially the O. Mascula. It is extracted by pro- 
cesses similar to those which have already been described. 


~<a 
SECTION X. 
Gluten. 


GLurTEN may be obtained from wheat-flour, by a very simple 
process. ‘The flour is first to be formed, by the gradual addi- 
tion of a small quantity of water, into a soft and ductile paste. 
This is to be washed by a very slender stream of water, and, 
at the same time, to be constantly worked between the fingers, 
The water carries off the starch, and for some time is rendered 
milky. When it passes off transparent, the washing may be 
discontinued ; and the pure gluten remains in the hands. 

The following are the properties of gluten: 

1. It is of a grey colour, of a fibrous structure, and has so 
much elasticity, that when drawn out to several times its 
length, it recovers itself like elastic gum. It has scarcely any 
taste, and does not melt or lose its tenacity in the mouth. 

2. When exposed to a gentle heat, it dries very slowly, and 
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becomes hard, brittle, semi-transparent, of a dark brown colour, 
and somewhat like glue. When broken it has the fracture of 
glass. In this state it is insoluble in water. 

3. When kept moist, it ferments and undergoes a sort of 
putrefaction, emitting a very offensive odour. At the same 
time a portion of acid is developed, which is perceivable by 
jts smell, and which considerably retards the putrefaction of 
the gluten. In this circumstance, chiefly, it differs from ani- 
mal gluten or fibrin. 7 

4. When suddenly heated, it first shrinks; then melts, 
blackens, and emits a smell like that of burning horn. By 
distillation in close vessels, it yields a portion of water im- 
pregnated with carbonate of ammonia; a considerable quan- 
tity of brown fetid thick oil; solid sub-carbonate of ammonia ; 
and carbureted hydrogen gas. These products resemble, very 
closely, those of animal substances, especially in the large 
quantity of azote which they indicate as entering into its com- 
position. It has not, however, been yet analyzed with a view 
to the proportions of its ultimate elements. 

5. It is generally described to be insoluble in water, in 
alcohol, and in ether. After fermentation, it is partially 
soluble in alcohol, and the solution may be applied to the 
purposes of varnish. From the experiments of Dr. Bostock, 
gluten appears, however, by long digestion, to be partly 
soluble in water. The solution is precipitated by acetate and 
sub-acetate of lead, by muriate of tin, and by other re- 
agents.* 

6. All acids dissolve gluten, and alkalis precipitate it, but 
considerably changed, and deprived of its elasticity. It under- 
goes a similar change when dissolved in pure alkalis, and 
precipitated by acids. 

Gluten exists most abundantly in wheat-flour, of which it 
constitutes about one fourth, and is essential to its soundness; 
but it is found, also, in various vegetable juices.t Sir H. 
Davy discovered a larger proportion of gluten in North 


* Nicholson’s Journal, xviii. 34. 
t See Proust on the Green Fecula of Vegetables, Nicholson’s Journal, 
8vO, iv. 273. | 
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American wheat, than in the wheat of this country; and in 
general found it more abundant in the wheat of warm cli- 
mates. (El. of Agric. Chem. p. 141.) It is in consequence 
of its abounding in this principle, that the wheat of the South 
of Europe is peculiarly fitted for making macaroni and other 
glutinous preparations. The grain containing most gluten is 
distinguished by its hardness and great specific gravity. Of 
particular grains, Sir H. Davy ascertained the composition of 
the following. He found 


Starch. Gluten. 
100 parts of good full-grained eras By ns 
sown in Autumn to afford...... — 
100 parts of wheat sown in Spring .... 70.... 
FOO parts of Barbary wheat 22.00 S074. PP 23 
100 parts of Sicilian wheat .......... Tower. 2 
100 parts of full and fair Norfolk barley 79.... 6 
F00 paris OF Sumolk ave % 78 EIS GIS 


Gliadine and Zimome. 


From the experiments of M. Taddei, an Italian Chemist, it 
appears that the gluten of wheat may be decomposed into two 
principles, one of which he has distinguished by the name 
of Gliadine (from yaa, gluten), the other of Zzmome (from Cun, 
a ferment.) To separate them, fresh gluten must be kneaded 
with repeated portions of alcohol, as long as that fluid becomes 
milky by dilution with water. ‘The alcohol dissolves the 
gliadine and leaves the zimome. 

By evaporating the alcoholic solution, gliadine is obtained, 
forming a brittle, straw-yellow, slightly transparent substance, 
with a weak smell resembling that of the honeycomb, and, 
when gently heated, emitting an odour similar to that of 
boiled apples. In the mouth it becomes adhesive, and has a 
sweetish and balsamic taste. It is pretty soluble in boiling 
alcohol, but the greater part precipitates as the alcohol cools. 
It softens, but does not dissolve in cold water. Its alcoholic 
solution becomes milky on adding water, and is precipitated, 
in white flocks, by alkaline carbonates. Dry gliadine dis- 
solves in caustic alkalis andacids. It swells on burning coals, 
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and then contracts like animal matter. It burns with a bright 
flame, and leaves a portion of charcoal which is difficult to 
be incinerated. | 

Zimome is obtained pure by boiling gluten in alcohol, or by 
digesting it in that fluid till it ceases to give out gliadine. 
There remains a shapeless mass, which is hard, tough, desti- 
tute of cohesion, and of an ash-white colour. After being 
washed with water, it recovers part of its viscosity; and be- 
comes brown when left in contact with air. It is specifically 
heavier than water. It does not ferment like gluten, but pu- 
trefies, exhaling a foetid urinous odour. At a boiling tempe- 
rature, it is soluble in vinegar and in the mineral acids. It 
combines with potassa, and forms a kind of soap. Lime 
water, and solutions of alkaline carbonates, harden it, and 
give it a new appearance. It inflames when thrown on 
red hot coals, and emits an odour similar to that of burning 
hair or hoofs. (Ann. of Phil. xv. 390, xvi. 88.) 

M. Taddei has since discovered that powdered guaiacum is 
a test of the presence of zimome. When well kneaded with 
good wheat flour and a little water, the guaiacum becomes of a 
very fine blue colour. Starch does not evolve this colour, 
and bad flour in only a very small degree. But when guaia- 
cum is worked up with gluten, and, still better with pure 
zimome, the colour instantly appears, and is a most superb 
blue. Guaiacum, however, does not become at all coloured 
by zimome, unless the contact of oxygen be allowed. The 
powder of guaiacum is, therefore, a re-agent, capable of de- 
tecting the injurious aiteration which flour sometimes under- 
goes by the spontaneous destruction of its gluten, and also of 
ascertaining in a general way the proportion 6 that principle. 
(Quarterly “élithal, Vil}. OF 7s) 


Another ingredient, which was long supposed to be peculiar 
to animal products, viz. albumen, has been discovered in the 
emulsive seeds. In the almond, for instance, 30 per cent. 


have been found, of a substance precisely resembling animal 
curd.* 
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SECTION XI. 
Caoutchouc, or Elastic Gum. 


CaourcHouc is chiefly the product of two trees, which are 
the growth of Brazil; the Hoevea Caoutchouc and Jatropha 
Elastica. When the bark of these trees is wounded, a white 
milky juice flows out, which speedily concretes in the air into 
an elastic substance; and, when the juice is applied in succes- 
sive coats, upon clay moulds, it forms the globular bottles, 
which are brought to this country. By an immediate and 
careful seclusion from air, the juice may be preserved some 
time from concreting, and has occasionally been brought to 
Europe in a liquid state. But even when thus preserved, a 
part of it, in the course of time, passes to a solid form. If 
it could easily be imported in a fluid state, it would be in- 
valuable, from its application to the rendering cloth, leather, 
and other substances impervious to water. 

1. Caoutchouc is inflammable, burning with a bright flame 
in atmospherical air, and with still greater eee eae in oxy- 
gen gas, or in chlorine gas. 

2. Caoutchouc fuses at a heat which is not much below 
that required for melting lead. In this state, Mr. A. Aikin 
finds that it may be brushed over iron or steel instruments, 
and that it forms a transparent coating which effectually pre- 
serves them from rust. The best method of melting it for 
this purpose is in a kind of copper flask, containing a hori- 
zontal stirrer or agitator, which is kept in motion by a handle 
rising above the flask. (Gill’s Technical Repository, i. 54.) 

3. It is insoluble in water and in alcohol. If long slips of 
caoutchouc, however, are tied spirally round a glass or metal 
rod, and boiled for an hour or two, the edges cohere, and a 
hollow tube is formed. 

4. Caoutchouc is soluble in ether; not, however, in the 
ordinary state of this fluid as it is found in the shops. ‘To 
render ether a fit solvent of this substance, it should be pu- 
rified by washing it with water, in the manner to be hereafter 
described. The solution may be applied to the purpose of 
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forming tubes or vessels of any shape. The principal diffi- 
culty in using it arises from the great volatility of the ether, 
in consequence of which the brushes, or other instruments, 
by which it is applied, are soon clogged up, and rendered 
useless. ; 

5. Caoutchouc is soluble in volatile oils; but when they 
have evaporated, they leave it in a glutinous state, and de- 
prived of much of its elasticity. In rectified naphtha, it swells 
to more than 30 times its bulk, and becomes gelatinous and 
transparent, but scarcely dissolves. It is thus, however, ren- 
dered capable of being moulded into tubes. (Amn. of Phil. 
xll. 112.) Petroleum dissolves it, and, when evaporated, 
leaves it unchanged. One of the most useful solvents, how- 
ever, of caoutchouc, appears to be the caepué oil, a substance 
lately admitted into the Pharmacopceia of the London College 
of Physicians. A thick and glutinous solution is obtained, 
from which alcohoi detaches the essential oil. ‘The caout- 
chouc floats on the surface in a semi-fluid state, but soon 
hardens, and regains its elastic powers on exposure to the 
atmosphere. ‘To this process, the chief objection is the ex- 
pensiveness of the solvent. 

6. Caoutchouc is acted on by alkalis; and, when steeped 
in them for some time, loses its elasticity. 

7. The sulphuric acid is decomposed by it; sulphurous acid 
is disengaged; and charcoal remains. Nitric acid acts on it 
with the assistance of heat, nitrous gas is formed; and oxalic 
acid crystallizes from the residuum. 

8. When distilled, it gives ammonia, and hence may be in- 
ferred to contain azote. <A large quantity of olefiant gas and 
of very dense carbureted hydrogen, which burns with a re- 
markably bright flame, are at the same time evolved. 

Caoutchouc, from the analysis of Dr. Ure (Phil. Trans. 
1822), appears to consist of 
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The oxygen found by analysis is in too small quantity to be 
considered as essential; and we may therefore consider caout~ 
chouc as a sesqui-carbureted hydrogen. 


ie 
SECTION XII. 
The Woody Fibre.—Lignin. 


AFTER removing all the soluble parts of wood, first by long 
boiling in water, and then by digestion in alcohol, a fibrous 
substance is obtained, to which, by some chemists, the name 
of Lignin has been given. From whatever variety of wood 
it may have been procured, its properties appear to be uni- 
formly the same. 

1. It is perfectly destitute of taste, smell, and colour. In 
specific gravity, it is generally inferior to water. 

2, It is insoluble in water, at all temperatures. 

3. The pure fixed alkalis act on the wocdy fibre, and 
render it soft, and of a brown colour. If equal weights of 
caustic potassa and sawings of wood are heated in a silver or 
iron crucible, stirring constantly, the wood softens and dissolves 
completely. Water, poured upon the product when cold, dis- 
solves the whole of it, and the addition of an acid, in such 
quantity as barely to neutralize the alkali, precipitates a sub- 
stance analogous to ulmin. (Ann. of Phil. xvi. 92.) 

4. Concentrated sulphuric acid immediately blackens lignin, 
and, after sufficient digestion, converts it into charcoal. When 
dried sawings of hornbeam are mixed and agitated with sul- 
phuric acid, and water is then added, a black powder falls; 
and the liquid, after being saturated with carbonate of lime 
and filtered, yields, by evaporation, a gum in several respects 
analogous to gum arabic. (Braconnot, Ann. of Phil. xvi. 90.) 

5. Nitric acid decomposes lignin with the assistance of heat, 
and oxalic, malic, and acetic acids are formed. 

6. When exposed to heat, lignin affords an acid called the 
pyroligneous, which has been proved to be identical with the 
acetous. ‘This acid holds in combination a quantity of essen- 
tial oil, from which it may, by complicated processes, be en- 
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tirely freed, and, also, a small proportion of ammonia. From 
the last mentioned product, it would appear that the woody 
fibre contains nitrogen. The pyroligneous acid in its crude 
state has been shown to be powerfully antiseptic, and advan- 
tageously applicable to the preservation of animal food, 
(Edin. Phil. Journ. iii. 21.) ‘The charcoal, which remains in 
the retort, is greatly superior to that procured by the ordinary 
process; and hence distillation in iron cylinders has been, for 
some time past, practised as the best method of obtaining 
charcoal for the manufacture of gunpowder. 

7. The woody fibre, by exposure to the atmosphere in a 
perfectly dry state, does not undergo any change. The action 
of the air upon it, however, when moistened, causes it to 
pass through various shades of colour, intoa black mould. If 
the process be carried on in a confined portion of oxygen gas, 
carbonic acid is formed. When excluded from the air, eyen 
moist wood shows very little tendency to decomposition. 

Gay Lussac and Thenard have analysed the wood of oak 
and beech, by combustion with chlorate of potassa. The 
wood was taken from the most compact part of a log, reduced 
to fine powder by a file; then sifted and washed in succession 
with water and alcohol; and finally dried, before its admix- 
ture with the chlorate. 


Carbon. Oxygen. Hydrogen, 
100 parts of Oak contain 52.53 .... 41.78 .... 5.69 
PORES TE SRT Beech 51.45 eeree 4.2.73 eee 5.82 


In both, the oxygen and hydrogen are in the proportions 
required to form water, and there is no excess of oxygen to 
acidify any part of the carbon. ‘The atomic constitution of 
lignin, which agrees most nearly with the results of its ultimate 
analysis, is the following: 
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If deprived, therefore, of 1 atom of water and 3 atoms of 
carbon, the other elements of lignin should be convertible into 
acetic acid. 


SECTION XIII. 
Colouring Matter. 


I. Tue colouring matter of vegetables presents a consider- 
able variety in its relation to chemical agents, depending on 
the diversity of the basis, or sub-stratum, in which it resides. 
Chaptal has arranged the varieties of the colouring principle 
under four heads. Ist. As it is attached to extractive matter : 
2d, As it resides in gum; in both which cases it is soluble in 
water: 3d, As it exists in farina, or a substance analogous to 
it; and in this instance it dissolves most readily in sulphuric 
acid: 4th, The colouring principle is occasionally inherent 
in resin, and then it requires alcohol, an oil, or an alkali, for 
solution. 

IJ. The extraction of colouring matter from the various 
substances that afford it, and its fixation on wool, silk, or 
cotton, constitute the art of pyrrne; the details of which 
would be foreign to the purpose of this work. In this place 
I shall state only a few general principles; and refer for more 
minute information to a paper by Mr. Henry in the third 
volume of the Manchester Memoirs ; to the works of Berthollet 

‘and Bancroft; and to a memoir of Thenard and Roard, in 
the 74th volume of Annales de Chimie. 

Before attempting tc fix colouring matter on cloth by the 
operations either of dyeing or printing, it is essential that the 

‘linen and cotton should first be completely cleared from every 
thing that can prevent the fixation of the colour, or the sub- 
sequent exhibition of its full effect. ‘This is accomplished by 
the operation of BLEACHING, the general outline of which is 
extremely simple. The cloth is first steeped in warm water 
to remove the sowens or weavers’ dressing. It is next boiled 
or bowked with a solution of potassa, which is most economi- 
cally applied in a caustic state, care being taken to use it so 
VOL: 11, S 
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much diluted with water, as not to destroy the texture of the 
cloth. The goods, previously wetted with water, are laid in a 
large wooden vat or lowking keir, and the boiling alkaline ley 
is thrown, by a pump, over the surface of the goods, through 
which it penetrates, and, running out at the bottom, is return- 
ed to the pan and again heated, The cloth is then thoroughly 
washed, and is next steeped in a very weak solution of chlo- 
ride of lime, or exposed, on the grass, to the action of the 
light and air; then washed, and again bowked; and these 
operations are alternated as often as is necessary. It is next 
immersed in sulphuric acid, diluted with a large quantity of 
water to prevent it from injuring the texture of the cloth, and 
finally washed and dried. A pure white ground is thus ob- 
tained, on which the colours are afterwards displayed to the 
greatest advantage. 

III. Of the various colouring substances, used in the art 
_ of dyeing, some are capable of being permanently attached to 
the dyed fabric, and fully communicating their colour to it, 
without the intervention of any other substance; while others 
leave a mere stain, removeable by washing with water. ‘The 
latter class, however, may be durably attached by the media- 
tion of what was formerly called a mordaunt, but has since been 
more properly termed, by the late Mr. Henry, a basis. The 
colours, which are of themselves permanent, have been term- 
ed, by Dr. Bancroft, substantive colours 5 while those that re- 
quire a basis, have been denominated adjective colours. 

IV. The most important bases, by the mediation of which 
colouring matter is united with wool or cotton, are alumina, 
the oxide of iron, and the oxide of tin. Alumina and oxide 
of iron are applied in combination with sulphuric, or acetic 
acids; and the oxide of tin, united with nitro-muriatic, mu- 
Yiatic, acetic, or tartaric acids. In dyeing, the most common 
method is to pass the substance to be dyed through a decoc- 
tion of the colouring matter, and afterwards through a solu- 
tion of the basis. ‘The colouring principle thus becomes per- 
manently fixed on the cloth, sometimes considerably changed 
by its union with the basis. In calico-printing, the basis, 
thickened with gum or flour paste, is applied to the cloth by 
wooden blocks, or copper cylinders. The cloth is then dried, 
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and passed through a decoction of the colouring ingredient, 
which adheres only to that part of the cloth where the basis 
has been applied. From the rest of the cloth it may be re- 
moved by simple washing with water. 

VY. The variety of colours, observed in dyed substances, 
are reducible to four simple ones, vix. blue, red, yellow, and 
black. 

1. Indigo is the only substance used in dyeing blue, which 
it does without the intervention of a basis. It is the produc- 
tion, chiefly, of several varieties of the plant called Indigofera, 
a native of America and of the East and West Indies. The 
plant, after being cut a little while before the time of flower- 
ing, is steeped with water in large vats, where it undergoes 
fermentation. During this process, a fine pulverulent pulp 
separates, which is at first green, but becomes blue by expo- 
sure to the atmosphere. ‘The operations, by which indigo is 
separated and collected, are rather complicated, and cannot 
be described without considerable minuteness of detail. A 
good account of them may be seen in Messrs. Aikins’ Che- 
mical Dictionary. In this country, indigo has been extracted 
from the ¢satis tinctoria, or woad, a plant of indigenous growth, 
by a fermentation, similar to that used when it is procured 
from the indigofera. Chevreul, also, by digesting woad in 
alcohol, and evaporating the solution, obtained white crystal- 
line grains, which gradually became blue when exposcd to the 
atmosphere. He considers them as indigo destitute of oxygen. 

Indigo is a light friable substance of a deep blue colour 

‘with sometimes a shade of violet or copper. The lightest as 
to weight is generally regarded as the best. It has been sup- 
posed to be a variety of starch or fecula, but it differs from 
that principle in several important particulars. Indigo is vo- 
latile, and may be in part sublimed at a temperature a little 
below that which is required for its decomposition.* Water, 
by being boiled on it, dissolves only about a ninth or a twelfth 
the weight of the indigo. ‘The colouring matter, however, 
remains untouched; and the solution, which appears to con- 


* Gay Lussac, 74 Ann, de Chim, 191. 
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sist chiefly of extract, has a reddish brown hue. The indigo 
of commerce is never pure, but contains variable proportions 
of foreign matter, amounting generally to above half its weight. 
Bergman, in 100 parts, found 
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The earthy matter consisted of baryta and lime in equal 
weights, with silica in the proportion of 1-10th of the whole 
earths. 

Chevreul, by acting in succession upon Guatimala indigo, 
first with water, then with alcohol, and finally with mu- - 
riatic acid, found its composition to be still more complicated. 
The yellow solution, obtained by hot water, let fall a greenish 
matter becoming blue on exposure to the air, and thus ac- 
quiring the properties of indigo. After this had ceased, green 
flocks formed and subsided, to which Chevreul gave the name 
of green matter, It issoluble in alkalis, and in alcohol, but is 
not convertible into indigo by exposure to air. From the 
indigo on which water had ceased to act, alcohol dissolved a 
further portion, the greater part of which was the green mat- 
ter, already described, with a red matter, differing only in co- 
lour, but possessing similar chemical characters. Lastly, mu- 
riatic acid dissolved more of the red matter, together with 
lime, alumina, and oxide of iron; and indigo, amounting to 
45 parts from 100, and free from every thing but a little 
silica, remained, 

Pure indigo has a deep blue colour, inclining to purple, 
and is destitute both of taste and smell. Water has no im- 
mediate action upon it, but when long kept in a moist state, 
indigo is decomposed and emits a putrid smell. Alkaline so- 
lutions and lime water do not dissolve it, unless when fresh 
precipitated. In this state it is soluble also by carbonate of 
ammonia, but not by fixed alkaline carbonates. Itis insoluble 
in alcoho!, ether, and in fixed and volatile oils, Its appro- 
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priate, and indeed only, solvent, appears to be concentrated 
sulphuric acid. When thus dissolved, it is sometimes applied 
directly, in a diluted state, to various fabrics, and dyes what is 
termed a Saxon blue. But, by the abstraction of part of its 
oxygen, indigo becomes soluble in water; and its colour 
changes from blue to green. It recovers the former colour, 
however, on exposure to the air, by again absorbing oxygen. 
Its de-oxydizement is effected either by allowing it to ferment, 
along with bran or other vegetable matter; or by decom- 
posing, in contact with it, the proto-sulphate of iron by the 
addition of lime. Substances dyed by indigo, thus deprived 
of oxygen, are green when taken out of the vat, and acquire a 
blue colour by exposure to the atmosphere. By this revival, 
the indigo again becomes insoluble, and fitted, therefore, for 
affording a permanent dye, not removeable by soap or by 
acids. 

There appears, however, to be a certain stage of oxygenize- 
ment in indigo, which is essential to the development of its 
blue colour, and any proportion of oxygen either exceeding 
or falling short of this, is equally destructive of its perfect 
hue. Thus diluted nitric acid dissolves indigo, but the solu- 
tion is yellow, and the indigo existing in it is decomposed. 
A thin layer of resinous matter appears, floating in the solu- 
tion. If this be removed, and the solution, after evaporation 
to the consistence of honey, be re-dissolved in hot water, fil- 
tered, and mixed with a solution of potassa, yellow crystals ap- 
pear, which consist of the bitter principle united with potassa. 
These crystals, being wrapped in paper and struck with a ham- 
mer, detonate and emit a purple light. Iftoa drachm or two 
of finely powdered indigo, we add an ounce measure of strong 
fuming nitrous acid, the mixture presently becomes hot, nitrous 
gas is evolved, a stream of sparks arises from it, and finally 
the whole bursts into flame. When the action of the nitric 
acid is moderated by adding an equal bulk of water, and the 
mixture, after being digested for some days, is evaporated to 
dryness, the residuum is soluble in water, and contains a small 
proportion of oxalic acid, with a considerable quantity of ar- 
tificial tan. Benzoic acid may also be obtained from the dry 
mass by sublimation. It appears then that by the action of 
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nitric acid on indigo, there are generated oxalic and benzoic 
acids, tan, and the bitter principle. Muriatic, phosphoric, 
acetic, tartaric, and probably other acids, act on indigo only 
when it is fresh precipitated, and then they dissolve it and afford 
a blue liquid. Chlorine destroys its colour, and the same 
quantity of free chlorine discolours always the same quantity 
of indigo. Hence a solution of indigo in sulphuric acid has 
been employed for measuring the strength of solutions of 
chlorine and of chloride of lime, in order to regulate their ap- 
plication to the process of bleaching. (See vol. i. p. 560.) 

The destructive distillation of indigo affords but little infor- 
mation respecting its nature. ‘The products, usually obtained 
from vegetable substances, are evolved, along with a portion 
of ammonia, A copper-coloured sublimate, also, arises in 
fine needle-shaped crystals, possessed of peculiar properties. 
It has been called by Brugnatelli Indigogene.* 

The ultimate analysis of indigo, by combustion with peroxide 
of copper, has been performed by Dr. Thomson, who obtained 
from it, when thus treated, no gases besides carbonic acid and 
azote; but the carbon existing in the acid, and the azote, not 
making up together more than .544 of the weight of the in- 
digo, he concluded the loss = .456, to be oxygen. (System of 
Chemistry, iv. 89.) Mr. Walter Crum, of Glasgow, has, 
however, found hydrogen in indigo in such proportion, as to 
indicate that it is an essential element of that substance. 
(Dr. Ure’s paper in Phil. ‘Trans. 1822, p. 472.) In this state 
of uncertainty, I refrain, therefore, from assigning any specific 
atomic constitution to indigo, considering the subject as still 
open to farther investigation. 

2. The substances, chiefly employed for affording red co- 
lours, are cochineal (an insect which has been supposed to 
derive colour from its food, the leaves of the cactus opuntia, L.) 
archil, madder, brazil-wood, and saf-flower. The first four 
are soluble in water; the last not without the intervention of 
an alkali. ‘They are all adjective colours. Cochineal, though 
its colour is naturally crimson, is used for dyeing scarlet; and 
to evolve the scarlet hue, it is necessary to employ the super- 
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tartrate of potassa. The basis, by which it is attached to cloth, 
is the oxide of tin. This may be exhibited by an easy experi- 
ment. A decoction of cochineal will leave only a fugitive 
stain on a piece of cloth; but if, in the decoction, some super- 
tartrate of potassa has been dissolved, and a portion of nitro- 
muriate of tin afterwards been added, it will impart a perma- 
nent scarlet colour. 

3. The yellow dyes are wild American hiccory, sumach, 
turmeric, fustic, and quercitron bark; which afford various 
colours, accordingly as they are combined with the cloth, by 
the intervention of alumina, or of oxide of iron, or tin. Thus, 
with the aluminous base, the quercitron bark yields a bright 
yellow; with oxide of tin, all the shades, from pale lemon 
colour to a deep orange; and with oxide of iron, a drab 
colour. With the addition of indigo, it gives a green. 

4. A combination of red oxide of iron, with the gallic acid 
and tan, is the principal black colour, which has therefore the 
same basis as common writing ink. In calico-printing, white 
spots, or figures, on a black ground, are produced, by pre- 
viously printing on the cloth a protecting paste of citric acid, 
thickened with gum or flour. The parts to which this paste 
is applied do not receive the black dye, but remain perfectly 
white. 

VI. The colouring matter of vegetables, besides being ca- 
pable of fixation on cloth, may be obtained in a dry form, in 
combination with a base only. Thus if to a decoction or in- 
fusion of madder in water, a solution of sulphate of alumina 
be added, the colouring matter is precipitated in combination 
with the alumina, forming what is termed a lake. For obtain- 
ing this, the following process is given by Sir H. Englefield. 
Put two ounces of Dutch crop-madder into a calico bag, 
capable of holding three or four times that quantity. Pour 
on it apint of distilled water, and triturate, in a mortar, as 
much as can be done, without destroying the bag. The water 
becomes loaded with colouring matter, and is opaque and 
muddy. Pour off this portion, and repeat the operation till 
no more colour is obtained, which will generally happen after 
the fifth or sixth affusion. Pour these sevéral washings into 
an earthen or well-tinned copper pan ; and apply heat till the 
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liquor boils. Let it then be poured into a basin; and one 
ounce of alum, dissolved in a pint of water, be added, and 
mixed by stirring. Add an ounce and a half of saturated 
solution of sub-carbonate of potassa; a violent effervescence 
will ensue, and the colouring matter will be precipitated. -Stir 
the mixture till cold, and wash repeatedly with boiling water. 
About half an ounce of lake will be obtained, containing two 
fifths its weight of alumina. 

Other lakes may be obtained, of different colours, by the 
substitution of different dyeing woods ; and from the infusion 
of cochineal, the beautiful pigment called Carmine is precipi- 
tated by means of a solution of tin. 


+ 
SECTION XIV. 
Tan, Tannin, or the Tanning Principle. 


‘Taw exists abundantly in the bark of the oak, the willow, 
&c., and in the gall-nut. In barks, the layers next to the wood 
contain the largest proportion ; the middle and coloured part, 
the next; and in this it is accompanied with more extract. 
The epidermis affords very little. ‘Tan exists, also, along 
with gallic acid and extract, in the several varieties of tea, all 
of which afford precipitates with gelatine, but in variable pro- 
portions. (Quarterly Journal, xii. 201.) 

I. Tan may be obtained by any of the following processes ; 
but, according to Sir H. Davy, it is difficult to procure it in 
a state of perfect purity. It has, indeed, been doubted by se- 
veral chemical writers, especially by Chevreul and Pelletier,* 
whether tan bas ever been obtained sufficiently pure, to en- 
title it to be considered as a distinct vegetable principle. 
Other chemists, among whom is Dr. Thomson, from consi- 
dering its powers of chemical combination, have arranged it 
among vegetable acids. 

1. Into a strong infusion of Aleppo nut-galls, pour the mu- 
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riate of tin, till the yellowish precipitate, which at first falls 
down abundantly, ceases to appear. Wash the precipitate 
with a small quantity of distilled water, and afterwards add a 
sufficient quantity of warm water for its solution. From this 
solution, the oxide of tin is precipitated by a stream of sul- 
phureted hydrogen gas; and the tannin, which remains dis- 
solved, may be procured by evaporation, still, however, com- 
bined with a portion of extract. There is reason, Dr. Bos- 
tock informs me, to believe also that, by this process, the tan 
itself is so much altered as to be scarcely entitled to retain the 
appellation; and the same remark applies, though perhaps not 
in an equal degree, to the two following operations: 

2. Into a saturated infusion of galls, pour a saturated solu- 
tion of carbonate of potassa. The yellowish white precipitate, 
after being washed with a small quantity of water, affords tan. 
When thus prepared, Sir H. Davy observes that tan is not 
perfectly pure, but contains a minute proportion of gallic acid, 
beside carbonates of potassa and lime. 

3. Into a similar infusion, pour concentrated sulphuric or 
muriatic acid. A precipitate will form, which must be re-dis- 
solved in hot water, and the excess of sulphuric acid saturated 
by carbonate of potassa. When a farther addition is made of 
the alkali, the tan falls down, and must be washed with a 
small quantity of water. Beside tan, extract is present in this 
precipitate; and it still also contains a little gallic acid. 

4. The following process, practised by ‘Tromsdorff, is 
described by Dr. Thomson, (System of Chemistry, iv. 212,) 
as yielding tan of greater purity than any of the foregoing 
methods. ‘Three parts of bruised galls were digested with 40 
parts of water for three days, at the temperature of 66° Fahr., 
the mixture being frequently stirred. The whole was now 
placed on a linen strainer, the liquid set apart, and the resi- 
duum treated as before with 40 parts of water. Tour different 
infusions were thus made, all of which were gently evaporated 
together to one-fourth their bulk in a porcelain basin. The 
liquid, being drained through a thick linen cloth, was further 
evaporated to the consistence of a jelly, and placed upon a flat 
porcelain dish near a stone till it became dry. ‘The dry mass 
was digested with thrice its weight of pure alcohol; and this 
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digestion was repeated three times, till the last portion of al- 
cohol was found to be free from gallic acid ; and to remove this 
acid effectually, the dry mass was digested, twice in succession, 
with alcohol, containing 10 per cent. of water. ‘The tan, 
however, was still considered as contaminated with extractive 
and mucilaginous matter. ‘To get rid of these, the whole was 
dissolved in distilled water, and again evaporated to dryness. 
These solutions and evaporations were repeated several times, 
with the view of rendering the extract insoluble; but nothing 
insoluble was thus separated. ‘The last solution, being left 
some time ina warm place, contracted a mouldy scum, which 
was removed. The liquid beneath it, being evaporated to 
dryness, left tan of considerable purity, but still containing 
sulphate of lime. ‘To separate this, the tan was dissolved in 
water, and carbonate of potassa added as long as any preci- 
pitate fell. ‘The liquid was then filtered and mixed with ace- 
tate of lead, which threw down a compound of oxide of lead 
and tan. ‘This powder was washed and dried, and being 
diffused in water, a current of sulphureted hydrogen was 
transmitted through it. The lead was thus thrown down in 
union with sulphur, while the tan dissolved in the water. The 
liquid, after being boiled, filtered, and evaporated to dryness, 
gave tan in a state of as great purity as can be obtained from 
nut-galls, 

Terra japonica, or catechu, which is to be met with under 
this name in the druggists’ shops, was found by Sir H. Davy 
to contain about one-half tan, the remainder being a mixture 
of extract, mucilage, and earthy impurities. ‘The purest kind 
of tan, we learn from the same authority, may be procured by 
the action of a small quantity of cold water on bruised grape 
seeds. A substance, also, introduced a few years ago into 
medicine under the name of Extract of Rhatania, consists, 
according to Dr. Bostock, of tan in a purer forna than is con- 
tained in catechu. 

In this country, a preference is universally given to oak 
bark, on account of its cheapness, for the purpose of tanning ; 
but various other kinds of bark afford tan, as appears from the 
following Table, drawn up by Sir H. Davy, from his own ex= 
periments : 
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Table of Numbers, exhibiting the Quantity of Tan afforded ly 
480lbs. of different Barks, which express nearly their relative 
Values : 


| . lb. 
Average of entire bark of middle-sized Oak, cut in spring. . 29 


— of Spanish Chesnut ............. 21 
— of Leicester Willow, large size .... 33 

7a eee eee wus 
— of common Willow, Jarge........ 11 
Cf SE rae Pe ree Pee Peel 
OE CGCE 5 ant eet ae sata’ ahs AO 


———_—__—__— Of Fiore CNet: oo ag ne adept oat 
on Of Sycamore . . vm eess Ree pes ape! 
——_—___—_—___——_——- of Lombardy Poplar ............ 15 
——————— ———-— of Birch ..sesrivcccascccescevee 8 
———.—_-—_—_ —_—— of Hazel .... cree ecccsecenccvee 14 
—___—____-———— of Black Thorn ...............4 16 
oe of Coppices@ak « ..5.4.+5 KOS ee 


ee ee eee ee of Oak cut in autumn e a eeecaoeoee ee 91 
of Larch: cut in ditto. es.03 aciusieled 8 
White internal cortical layers of Oak Bark ............ 72 


The inner cortical layers of all barks Sir H. Davy found 
to contain the greatest proportion of tan. ‘The quantity, also, 
is greatest at the time the buds begin to open, and is smallest 
in winter, and after a cold spring. 

As a general average, four or five pounds of good oak bark 
are required to form a pound of leather. ‘The operation is 
most perfect when performed slowly; for, if too rapidly ef- 
fected, the outer surface of the skin is soon covered with a coat 
of leather, which defends the interior from change. In ge- 
neral, skins, by being completely tanned, increase in weight 
about one-third, the skin and the leather being each supposed 
dry. 

IJ. Tan has the following properties : 

1. When evaporated to dryness, it forms a brown friable 
mass, which has much resemblance in its fracture to aloes, a 
sharp bitter taste, and is soluble in water, both hot and cold, 
affording a deep brown solution, which does not become 
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mouldy or undergo any change, when exposed to the atmo- 
sphere at ordinary temperatures. Pure alcohol does not dis- 
solve it; but the addition of a very small quantity of water, 
for instance, of such a quantity as to bring its sp. gr. to 0.818, 
enables it to act as a solvent of tan. 

2. From this watery solution almost all acids precipitate tan, 
by forming with it an insoluble compound. Nitric acid pro- 
duces, however, a different effect ; and, probably by imparting 
oxygen, converts tan into a yellowish brown matter which is 
soluble in alcohol. Chlorine produces a similar change; and 
peroxide of tin converts it into a substance resembling extract, 
probably by communicating oxygen. 

3. Lime water and the alkaline carbonates also throw down 
tan, and the precipitate is a compound of tan with the substance 
which has been added. Pure fixed alkalis separate tan from 
its concentrated solution, but ammonia has not the same 
effect. 

4. The watery solution of tan, poured into one of glue (in- 
spissated animal jelly), converts it immediately into a coagulum, 
insoluble by boiling water, which has the elastic properties of 
the gluten of wheat. Hence infusion of tan is used as a test of 
the presence of: gelatine, and, reciprocally, solution of gelatine 
may be used as a test of the presence of tan. 

The solution of gelatine may be prepared for the purpose 
of precipitating tan, by dissolving isinglass in water, in the 
proportion of ten grains to two ounces. ‘lhe precipitate, 
which has been called ¢anno-gelatine, consists of 54 jelly and 
46 tan. An excess of the solution partly re-dissolves it. It 
is this property, of forming with gelatine an insoluble com- 
pound, not lable to putrefaction, that fits tan for the purpose 
of converting skins into leather. 

Dr. Duncan, jun., who has made numerous experiments on 
tan, observed, that the proportion of ingredients in this pre- 
cipitate varies very considerably, according to the mode in 
which it is effected; and that insolubility in water is by no 
means one of its constant characters. Dr. Bostock, also, 
found that tan and jelly do not unite in any constant propor- 
tion, and that the compound is not, in all cases, insoluble in 
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water.* Itis soluble in excess of gelatine, and more abun- 
dantly in hot than in cold solutions of jelly. 

Tanno-gelatine is also soluble in liquid ammonia, and forms 
a dark brown solution, which, when spread with a brush, 
leaves a film insoluble in water, oil, or alcohol. ‘The solution, 
by long-keeping, changes its nature, and when filtered and 
evaporated, yields a brittle shining black substance, soluble in 
water and alcohol, but not in ether. From the extreme faci- 
lity with which it yields ammonia on being heated, it is pro- 
bably a compound of that alkali with tanno-gelatine. (Fara- 
day, in Quarterly Journ. vi. 157.) | 

Tanno-gelatine, boiled with solution of bi-chloride of mer- 
cury, becomes of a fawn colour, is more soft and pliable in the 
warm fluid, and does not, when exposed to the air, become so 
hard and brittle as unaltered tanno-gelatine. Its colour is also 
much lighter, and of an uniform brown tint. On analysis, it 
yields corrosive sublimate. (Ibid.) | 

5. Tan forms with fecula, or starch, a precipitate which 
is sparingly soluble in cold water, and very copiously in hot 
water. 

6. With gluten tan gives an insoluble precipitate. 

7. It is precipitated by earths and by salts with earthy bases, 
such as the nitrates of baryta, lime, &c. 

8. It is separated also by oxides, such as the oxide of zinc 
and peroxide of tin, and also by salts with metallic bases, 
such as acetate of lead, muriate of tin, muriate of gold, sul- 
phate of iron, tartarized antimony, and muriate of platinum. 

Green sulphate of iron effects no change in the solution of 
tan, but the red or per-sulphate occasions a dark bluish preci- 
pitate. This precipitate differs from gallate of iron, in being 
decomposed by acids, the tan being thus separated. An ex~ 
cess of the red sulphate re-dissolves the precipitate, and affords 
a black or dark blue liquor, but the precipitate re-appears, 
when the disengaged acid is carefully saturated by an alkali. 
By union with tan, the red sulphate is de-oxidized, the salt 
probably becoming the green sulphate, and the oxygen passing 


~ -* See his paper on the Union of Tan and Jelly, Nicholson’s Journal, 
XXIV, 1. 
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to the tan. Tan is capable, also, of uniting with oxide of 
lead, in different proportions, forming a tannate and sub-tan- 
nate of lead.* ‘The tannate consists of 


Tan eee2n0e00e08%8c80606606 0 65.79 @9e8e06¢ & @ @ 160 
QOsidewmriead ...;.0 34.21 sscnecsse. OF 


100. 


The sub-tannate contained 14 times as much base as the 
neutral tannate. : 

Berzelius analyzed tan by the combustion of perfectly dry 
tannate of lead with peroxide of copper. ‘The tannate of 
lead had been precipitated from infusion of nut-galls. He 
found tan to consist of 

By Experiment. By Theory. 

Carbon. 03... 50/55. .5. 6 atoms V0. 86 44 260270 

Oxygen .... 45... Gi 4 ditto’... °82) VOI 45.07 

Hydrogen en £4577 8 ditto’. lis7 Brig! v0 ha 


eee 


100. 71 100. 


On the supposition that tannate of lead is composed of an 
atom of each of its elements, a much higher number would be 
indicated for tan, viz. 215.43 for 52: 100:: 112: 215.4. The 
equivalent thus deduced is at variance, therefore, with that 
derived from ultimate analysis, unless we suppose that the 
tannate of lead consists of 1 atom of base, united with 3 atoms 
of tan. ‘This would reduce the atom of tan to 71.8, which ac- 
cords as nearly as can be expected with the foregoing number. 
By comparing the composition of gallic acid, as stated at 
page 204, with that of tan, it will appear that the only dif- 
ference between them is that the former contains an atom less 
of oxygen, which would scarcely have been expected in a 
substance possessing more decidedly acid properties than be- 
long to tan. 


Arlificial Tan. 


Until within the last ten years, tan had been known only as 


* Berzelius, 94 Ann. de Chim, 319, 
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a production of nature; and the processes of chemistry had 
effected nothing more, than its separation from the various 
substances, with which it occurs combined. An important 
discovery, however, has been made by Mr. Hatchett, of the 
artificial formation of tan, from substances which unquestion- 
ably do not contain it, but only furnish its elements. ‘The 
processes for its factitious production are very numerous; but 
they are arranged, by their author, under three heads: Ist, 
The synthesis of tan may be effected by the action of nitric 
acid on animal or vegetable charcoal ; 2dly, By distilling nitric 
acid from common resin, indigo, dragon’s blood, and various 
other resinous substances; 3dly, By the action of sulphuric 
acid on common resin, elemi, assafcetida, camphor, &c. Of 
these various processes, I shall select the most simple, refer- 
ring to Mr. Hatchett’s very interesting paper for a fuller detail 
of the experiments.* 

To 100 grains of powdered charcoal, contained in a 
matrass, add an ounce of nitric acid (specific gravity 1.4) diluted 
with two ounces of water; place the vessel in a sand-heat, and 
continue the digestion till the charcoal appears to be dissolved. 
A copious discharge of nitrous gas will take place. At the 
end of the second day, it may be necessary to add another 
ounce, and sometimes even a third, of nitric acid; and to 
continue the digestion during five or six days. A reddish 
brown solution will be obtained, which must be evaporated to 
dryness in a glass vessei; taking care in the latter part of the 
process, so to regulate the temperature, that the acid may be 
expelled, without decomposing the residuum. A brown glossy 
substance will be obtained, having a resinous fracture, and 
amounting, in weight, to 116 or 120 grains. This substance 
has the following properties: 

1. It is speedily dissolved by cold water and by alcohol. 
2. It has an astringent flavour. 3. Exposed to heat, it smokes 
but little, swells much, and affords a bulky coal. 4. Its solu- 
tion in water readens litmus paper. 5. The solution copiously 
precipitates metallic salts, especially muriate of tin, acetate of 
lead, and red sulphate of iron. These precipitates, for the 


* See Philosophical Transactions for 1805 and 1806, 
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most part, are brown, inclining to chocolate, excepting that 
of tin, which is blackish grey. 6. Gold is precipitated from 
its solution_in a metallic state. 7.'The earthy salts are pre- 
cipitated by it. 8. Gelatine is instantly precipitated from 
water, in the state of coagulum, insoluble both in cold and in 
boiling water. 

Though this substance has not yet been subjected to 
ultimate analysis, yet its identity with tan can scarcely be 
doubted, since the two bodies agree in having the same cha- 
racteristic properties. ‘The only essential circumstance of dis- 
crimination, is, that the natural tan is destroyed, while the 
artificial is produced, by the agency of nitric acid; and that 
the artificial substance, even when formed, powerfully resists 
the decomposing action of this acid, which readily destroys 
natural tan. Iven, however, among the different varieties of 
the natural substance, Mr. Hatchett found essential differences 
in the facility of destruction by nitric acid. Those of oak 
bark and catechu are less destructible; and, in general, the 
varieties of tan seem to be less permanent, in proportion to the 
quantity of mucilage which they contain. Infusions of facti- 
tious tan differ, jem it has been said, from those of the natural 
kind, in not becoming mouldy by keeping. This character, 
however, is not confirmed by Dr. Bostock, who has observed 
the artificial tan to acquire mould. 

The artificial substance is a purer variety of tan than the 
natural one; inasmuch as it is perfectly free from gallic acid, 
and from extract, both of which are always present in the 
latter. The properties of the factitious compound vary a little, 
according to the mode of its preparation, principally in the 
colour of the precipitates, which it separates from metallic 
solutions. ‘Those effected by tan, which has been formed by 
processes of the first class, are always brown, and by the se- 
cond, pale or deep yellow. 
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SECTION XV. 


Wax. 


Ir was long supposed that bees’ wax is merely the dust of 
the stamina of plants, unchanged by any process in the eco- 
nomy of that animal. This opinion, however, has been lately 
shown by Huber * to be erroneous; for bees, he has proved, 
continue to form wax, when supplied with only raw sugar or 
honey. Little doubt, therefore, can exist that sugar contains 
all the principles of wax ; and that wax is the result of a new 
combination of those principles, effected by the animal. 

At the same time, itis equally well established, that wax is 
also a product of vegetation. It forms the varnish, which is 
conspicuous on the upper leaves of many trees, and may be 
extracted by first removing from the bruised leaves, by means 
of water and alcohol, every thing that is soluble ix those fluids ; 
then macerating the remainder with liquid ammonia, which 
dissolves the wax, and lets it fall on the subsequent addition 
of sulphuric acid, in the form of a yellow powder. ‘This is to 
be washed with water, and melted at a gentle heat. Wax 
exists, also, in the substance called lac, in combination with 
colouring matter; and is obtained, in considerable quantity, 
from the berries of the Myrica Cerifera, by the simple process 
of boiling them in water, and bruising them at the same time. 
The wax melts and rises to the surface in the form of a scum, 
which concretes on cooling. 

In its ordinary state, wax of every kind has considerable 
colour and smell. It may be deprived of both, by exposing 
it, in thin lamine, to the action of the light and air, or still 
more speedily by chlorine gas. It melts at 145° Fahr. When 
bleached, it has the following properties : 

1. Its specific gravity is about .960, water being ‘1.000. 
When heated, it melts at about 155° T'ahrenheit, or at from 
7° to 10° higher than unbleached wax, and forms a transparent 


* Nicholson’s Journal, ix. 182, + Cadet, Ann. de Chim, vol, xliv. 
VOL. II, T 
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fluid, which gradually acquires consistency, till at length it 
returns to a solid state. If the heat be raised, it boils; and a 
portion distils over. By a still higher heat, it is decomposed, 
and a quantity of olefiant and hydro-carburet gases is deve- 
loped. The residuum of charcoal bears only a small propor- 
tion to the wax which has been decomposed. 

2. Wax is insoluble in water, nor is it changed by long keep- 
ing in contact with water. ) 

3. Boiling alcohol dissolves about one-twentieth its weight 
of wax, four-fifths of which separate on cooling; and the re- 
mainder is immediately precipitated by the addition of water. 
Boiling ether dissolves about one-twentieth of its weight, but 
lets the greater part fall on cooling. 

4. Caustic fixed alkalis convert wax into a saponaceous com- 
pound, soluble in warm water. ‘The punic wax of the ancients 
was a soap composed of 20 parts of wax and 1 of soda. 

5. A heated solution of ammonia dissolves wax, and forms 
a kind of emulsion. On cooling, the wax rises to the surface in 
flocculi. 

6. Volatile oils dissolve wax when heated along with it; 
but a great part separates again on cooling of a softer consis- 
tence, and probably therefore containing some of the oil. 

7. Fixed oils unite with wax, and form a sort of compound 
well known in pharmacy under the name of cerates. When 
applied to the purpose of candles, the brittleness of wax is 
corrected by a little tallow. 

8. Acids appear to have very little action on wax, unless 
they are concentrated and heated, when a mutual decomposi- 
tion ensues. | ) 

From the results of its combustion, Lavoisier inferred that 
wax consists of 

82.28 carbon 
17.72 hydrogen 


100. 


Gay Lussac and Thenard, and Dr. Ure, have analyzed yellow 
wax by combustion with peroxide of copper, and deduced its 


elements to be 
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But it is not improbable, as Dr. Ure has remarked, that an 
atom more of hydrogen may exist in wax than has been disco- 
vered by analysis, and that it may consist of 12 atoms of olefiant 
gas + 1 atom of carbonic oxide. 

Myrile wax, it appears from the experiments. of Dr. Bos- 
tock, differs from bees’ wax in being more fusible (viz. at 109° 
Fahrenheit), and in being soluble, to a greater amount, both 
in ether and inalcohol. Dr. John ascertained that it is only one 
part of this wax that is taken up by alcohol, while the other 
remains undissolved. ‘To the first he has given the name of 
cerin. It precipitates again as the alcohol cools; is of the 
same sp. gr. as water; has the consistency of wax, but a much 
lower melting point, viz. 108° to 110° ahr. The insoluble 
part, which he has called myricin, is insoluble in ether and 
alcohol at all temperatures. Its specific gravity is 0.900. The 
term cerin has also been applied by Chevreul to a subsiance 
resembling wax, which slowly separates from alcohol after 
being digested on cork. ‘The vegetable wax from Brazil, 
though it appears, from the experiments of Mr. Brande, to 
possess the principal characters of common wax, differs from 
it in some properties, and also from myrtle wax.t 


* Recherches, 1i. + Phil. Trans. 1822. 
t Phil. Trans, 1811, p. 267. 
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SECTION XVI. 
The Bitter Principle. 


Tue bitter taste of certain vegetables appears to be owing 
to the presence of a peculiar principle, differing from every 
other substance in its chemical properties. It may be extract- 
ed from the wood of quassia, the root of gentian, the leaves of 
the hop, and several other plants, the fruit of the colocynth, 
&c. by infusing them for some time in cold water. ‘The cha- 
racters of this substance have been attentively examined by Dr. 
Thomson, who enumerates them as follows.* 

1. When water, thus impregnated, is evaporated to dryness 
by a very gentle heat, it leaves a brownish yellow substance, 
which retains a certain degree of transparency. For some 
time it continues ductile, but at last becomes brittle. Its taste 
is intensely bitter. 

2. When heated, it softens, swells, and blackens ; then burns 
away without flaming much; and leaves a small quantity of 
ashes. 

3. It is very soluble in water, and in alcohol. 

4. It does not alter blue vegetable colours. 

5. It is not precipitated by the watery solution of lime, 
baryta, or strontia; nor is it changed by alkalis. _ 

6. Tincture of galls, infusion of nut-galls, and ‘gallic acid, 
produce no effect. 

7. Of the metallic salts, nitrate of silver and acetate of lead 
are the only ones that throw it down. The effect of nitrate 
of silver cannot be ascribed to the presence of muriatic acid, 
since nitrate of lead produces no change in the solution. The 
precipitate by acetate of lead is very abundant; and that salt, 
therefore, affords the best test for discovering the bitter prin- 
ciple, provided no other substances be present, by which, also, 
it is decomposed. 

Another modification of the bitter principle has been ex- 
tracted, by M. Chenevix, from unroasted coffee. The in- 
fusion of the berries was mixed with muriate of tin, when a 


* System of Chemistry, 6th edit, iv. 50. 
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precipitate appeared, which was well washed, then diffused 
through water, and decomposed by sulphureted hydrogen gas, 
which carried down the tin. The remaining liquid, evapo- 
rated to dryness, gave a semi-transparent substance not unlike 
horn. This substance did not attract moisture from the air ; 
was soluble in water and alcohol, and the solution, on adding 
alkali, became of a garnet red. Solution of iron gave it a 
fine green tinge, or, when very concentrated, threw down a 
green precipitate; and muriate of tin occasioned a yellow 
sediment. It was not affected by solution of animal gela- 
tine. | 

I'rom the experiments of Mr. Hatchett, it appears that 
the bitter principle is artifically formed,-along with tan, by the 
action of nitric acid on indigo. Mr. Donovan has also com- 
posed it by the action of strong nitric acid on an equal weight 
of sugar. In the residual matter, which is thick and tena- 
cious, its presence is disguised by the sourness of the malic 
acid, but becomes sensible when this is neutralized by lime. 
This bitter principle, he conceives, may exist in unripe fruits, 
and may afford, accordingly as it is modified by vegetation, 
either sugar er vegetable acids.* 

When obtained from indigo, the colour of this principle is 
a deep yellow, and its taste intensely bitter. It is soluble in 
water and alcohol, and is susceptible of a regular crystallized 
form. It unites with alkalis, and composes crystallizable salts. 
Its compound with potassa detonates when struck with a 
hammer, and inflames like gunpowder when thrown on hot 
charcoal. On the whole, it appears better entitled to rank as a 
distinct principle, than that which is extracted, by infusion, 
from vegetables. 


* Phil, Trans, 1815. 
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SECTION XVII. 


Of Native Vegetable Alkalis.—Morphia, Strychnia, Brucia, 
Delphia, Picrotoxia, Atropia, Veratria, &c. 


Tue forces, which produce in living vegetables so many 
acids, appear also to be capable of giving rise to a variety of 
alkaline substances, several of which have been discovered and 
identified during the few last years. So far as is yet known, 
the processes, by which they are obtained, effect nothing more, 
than their separation from the vegetables in which they exist 
ready formed. ‘These vegetables are for the most part dis- 
tinguished by very powerful effects on the animal system, 
produced, it should appear, by an alkaline ingredient peculiar 
to each species; and it is probable that the active principles, 
thus detached, may hereafter become important instruments 
in the hands of the physician. It is chiefly from their habi- 
tudes of chemical combination, that these new substances are 
classed among alkalis, which they resemble in the power of 
neutralizing acids, and of affording with them compounds 
analogous to the salts, which result from the union of acids 
with the alkaline substances that have been long known. They 
have, all, however, weaker affinities for acids, than belong to 
alkalis of the latter class; and are destructible, both when sepa- 
rate and in combination, at low degrees of beat. At first they 
were distinguished by names ending in ine, as morphine, 
strychnine, &c; but, for the sake of conformity to the nomen- 
clature of other alkalis, their names have since received a dif- 
ferent termination. 

Besides these alkalis of feeble energy, it has been discovered 
by Dr. Peschier, of Geneva, that potassa, which had been long 
extracted from the ashes of plants, exists ready formed in their 
juices, and may be obtained by agitating pure magnesia with 
the liquor obtained by pressure or decoction of any. part of the 
vegctable, except its fruit. In most plants, the potassa is united | 
with oxalic or tartaric acid, which form insoluble compounds 
with magnesia; but in borage, the potassa is combined with 
nitric acid, which magnesia has not the power of detaching 
from that alkali. (Ann. of Phil. xi. 336.) 
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Art. 1.—Morphia. 


Opium, and other vegetable products possessed of narcotic 
power, are composed of several of the vegetable principles 
that have already been enumerated. Besides these, however, 
they contain a peculiar one, in which the narcotic virtue re- 
sides. Its preparation and chemical qualities were first des- 
cribed by Derosne, in a memoir published in the 45th vol. 
of the Annales de Chimie. 

1. To obtain the narcotic principle from opium by the pro- 
cess of Derosne, let water be digested upon it, and the strained. 
solution be evaporated to the consistence of syrup. <A gritty 
precipitate will begin to appear, which is considerably in- 
creased by diluting the liquid with water. This consists of three 
distinct substances, resin, oxygenized extract, and the nar- 
cotic principle. Boiling alcohol dissolves the resin and narcotic 
principle only ; and the latter falls down in crystals, as the so- 
lution cools; still, however, coloured with resin. ‘The crystals 
may be purified by repeated solutions and crystallizations. 
They are white rectangular prisms with rhomboidal bases, 
destitute of taste and smell, soluble in 400 parts of boiling 
water, from which they precipitate on cooling; soluble in 100 
parts of cold, or in 24 parts of hot alcohol, and also in hot 
ether; and fusible at a moderate degree of heat. ‘They unite 
with acids and are precipitated by alkalis. 

2. A more complete investigation of the narcotic principle 
has since been published by M. Sertuerner of Eimbeck in 
Hanover, who has recommended the following process for ob- 
taining morphia.* Rub together in a mortar eight ounces of 
powdered opium, two or three ounce measures of acetic acid, 
and a little cold distilled water; then add two or three pints 
of water, and strain the liquor. Add to it a solution of am- 
monia, and evaporate the liquor to one fourth. The morphia 
is precipitated, and may be separated by filtration. The 
liquid part is a compound of ammonia with the acid ingredient 
of opium. 

3. Another method of separating morphia has been recom- 


* Ann, de Chim. et Phys, v. 39. 
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mended by Robiquet.* A concentrated solution of a pound 
of opium in water is to be boiled with 10 or 12 drachms of 
carbonate of magnesia, during a quarter of an hour. A greyish 
deposit is formed in considerable quantity, which is to be 
washed first with cold water, and next with hot and weak 
alcohol, which takes up a small quantity of morphia and 
much colouring matter. It is afterwards washed with a little 
cold and concentrated alcohol, and then boiled with a sufli- 
cient quantity of the same fluid, which, at that temperature, 
dissolves morphia. On cooling, morphia is deposited a little co- 
loured; but by repeating the operation three or four times, it - 
may be obtained colourless, and crystallized in regular paral- _ 
lelopipeds with oblique faces. 

Dr. Thomson finds that morphia may easily be procured, in 
a state of purity, by pouring liquid ammonia into a strong in- 
fusion of opium; separating by a filter the brownish white 
precipitate which is formed ; evaporating the infusion to about 
1-6th of its bulk, and adding more ammonia, which throws 
down a fresh precipitate. These precipitates are impure 
morphia. ‘To purify it, pour a little alcohol upon it, and let 
the alcohol, which chiefly takes up the colouring matter," pass 
through the filter. Dissolve the residuum in acetic acid, and 
mix the solution, which will have a deep brown colour, with a 
sufficient quantity of ivory black. After being occasionally 
agitated during 24 hours, and thrown upon a filter, a colour- 
less liquid passes through, from which ammonia now precipi- 
tates pure morphia in the state ofa white powder. If this be 
dissolved in alcohol, and the solution slowly evaporated, mor- 
phia is obtained in pretty regular crystals, which are four- 
sided rectangular prisms. (Ann. of Phil. xv. 470.) 

Pure morphia is perfectly white, has a pearly lustre, is des 
titute of smell, but has an intensely bitter taste. It dissolves 
in boiling water only in small proportion, but is very soluble 
in heated alcohol and ether, and the solutions are intensely 
bitter. ‘The watery and alcoholic solutions affect test papers like 
an alkali, and Robiquet found this property to be most distinct 
in morphia prepared by the intervention of magnesia, though 
proved, by its complete destruction by burning, to be free from 
iy 

* Ann, de Chim. et Phys. v. 379. 
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any portion of that earth. It forms neutral salts with acids, 
and appears, therefore, to approach closely in its characters to 
an alkali, which it also resembles in decomposing the com- 
pounds of acids with metallic oxides. 

Morphia fuses at a moderate heat, and resembles melted 
sulphur. On cooling from this state, it crystallizes. It unites 
with sulphur, but is incapable of forming soap with an oxidized 
oil. 

Its effects on the human body are those of a most violent 
poison. Three half grains, taken in succession with intervals 
of half an hour by the same person, produced violent vomiting 
and alarming faintings. 

Tinctures of opium, it is observed by Sertuerner, should be 
prepared with pure alcohol, and kept in a place which is not 
very cold; for a low temperature causes a precipitation of 
morphia. The addition of a little acetic acid prevents this in- 
convenience, without diminishing the efficacy of morphia on 
the animal system. | 

Another ingredient of opium is the meconic acid, which, ac- 
cording to Robiquet, is best obtained from the residuum of 
the magnesian salt, left undissolved by alcohol in the process 
for extracting morphia. This residue may be dissolved in very 
weak sulphuric acid, and to the solution muriate of baryta 
may be added. A rose-coloured precipitate falls, consisting 
of sulphate and meconate of baryta. This is to be digested 
a considerable time with hot sulphuric acid largely diluted. 
When the filtered liquor is sufficiently reduced by evaporation, 
the meconic acid shoots, even before cooling, into coloured 
crystals. ‘To obtain it pure, it must be washed with a small 
quantity of water, then dried, and sublimed at a gentle heat. 

This acid is fusible at a temperature considerably above that 
of boiling water. It reddens vegetable blues, and is extremely 
soluble in alcohol and in water. Its distinguishing character 
is, that it produces an intensely red colour in solutions of iron 
oxidized to the maximum. Sertuerner did not find that when 
taken into the stomach, it is capable of producing any of the 
effects of opium. 

The salt of Derosne, it appears from the experiments of 
Robiquet, is not, as Sertuerner supposed, a compound of mor- 
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phia and meconic acid. The watery solution of opium, freed 
from morphia and meconic acid, contains another acid cha- 
racterized by a different train of properties, which may be se- 
parated by a process somewhat circuitous.* This acid is not 
volatile, and has no peculiar action on the salts of iron. With 
morphia it affords salts that are readily soluble in alcohol and 
in water. Morphia and tie salt of Derosne appear, from the 
experiments of Robiquet, to be both ingredients of opium, 
which are different and independent of each other. 

Beside the ingredients which have already been mentioned, 
opium contains extract, which forms with morphia a com- 
pound almost insoluble in water, but very soluble in acids. 
A considerable proportion of resin, and a small quantity of 
caoutchouc, enter also into the composition of opium. These 
are entirely destitute of sedative properties, when received 
into the stomach. ‘They remain after acting on opium first 
with water, and afterwards with muriatic acid. When the 
residue is digested with alcohol, the resinous matter is taken 
up; and from the remaining mass, which has resisted the 
action of alcohol, the caoutchouc may be extracted by rectified 
ether. 


Art. 2.—Of Strychnia. 


Strychnia was detected by Pelletier and Caventou, in 1818, 
in the fruit of the Sérychnos Nux Vomica, and Sirychnos Ignatia. 
The bean was rasped down as small as possible, and then ex- 
posed to the action of heated nitric ether. The residue, thus 
deprived of a quantity of fatty matter, was digested in alcohol, 
added in successive portions as long as it continued to dissolve 
any thing. The alcoholic solutions were evaporated, and the 
residue dissolved in water. From the watery solution, liquid 
potassa threw down a white crystalline precipitate; which was 
strychnia. It was purified by washing it with cold water, dis- 
solving in alcohol, and crystallizing it. Strychnia was sepa- 
rated also from the bean of the strychnos ignatia by the use of 
magnesia, In the same manner as Robiquet had obtained mor- 
phia from infusion of opium. 


* Ann. de Chim. et Phys. v. p. 285. 
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Strychnia crystallizes in very small four-sided prisms, ter- 
minated by four-sided low pyramids. It is white, intensely 
bitter, destitute of smell, neither fusible nor volatile at mo- 
dlerate temperatures, very sparingly soluble in cold water, and 
even in hot water, of which it requires for solution 2500 times 
its weight. But though it is not soluble in less than from 6 
to 7000 parts of cold water, the solution may be diluted with 
100 times its volume of water without losing its taste. It is 
one of the most virulent and active poisons yet discovered. 
Half a grain, blown into the throat of a rabbit, brought on 
locked jaw in two minutes, and in five minutes proved fatal. 

Strychnia acts as a base to acids, and forms a distinct set of 
salts, which are described in the Annals of Philosophy, xvi. 30, 
and in the Ann. de Chim. et Phys. x. 142. 


Art. 3.—Of Brucia. 


This substance was also extracted by Pelletier.and Caven-. 
tou from the bark of the Brucia Antidysenterica. The bark 
was first digested in sulphuric ether, and then in alcohol; the 
alcoholic solution evaporated ; and the dry residuum dissolved 
in water. This solution was saturated with oxalic acid, and 
evaporated to dryness. Alcohol, digested on the residue, took 
up the colouring matter, and left the oxalate of brucia pure. 
This salt. was decomposed both by lime or magnesia, which 
formed insoluble salts with the oxalic acid, and left the brucia 
soluble in water, of which it requires 500 parts at 212°, and 
850 at common temperatures. 

Brucia crystallizes in oblique prisms with parallelograms for 
their bases. It has a bitter taste, but less so than’ strychnia. 
This state is more acrid, however, and continues for a longer 
time. It melts when heated to a little above 212°, and con- 
geals on cooling into a mass resembling wax. It dissolves in 
sulphuric and other acids, and neutralizes them, affording a 
distinct class of neutral salts. (See Ann. of Phil. xv. 311, or 
Ann. de Chim. et de Phys. xil. 113.) 


Ant. 4.—Of Delphia. 


This alkaline principle was detected in 1819, by MM. 
Lassaigne and Feneulle, in the seeds of the Delphinium Sta- 
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physagria, or Stavesacre, in which it exists united with malic 
acid. ‘The seeds were well cleaned and reduced to a pulp; 
then boiled with water; and the fluid part separated by a filter. 
The liquid was boiled for some minutes with a quantity of 
pure magnesia. ‘The solid part of this mixture was then sepa- 
rated by a filter, and digested in boiling alcohol. From this 
solution, by evaporation at a gentle heat, delphia was obtained 
in a state of tolerable purity. 

Delphia is a white powder, having a crystalline texture 
while moist, but becoming opake by exposure to air. Its 
taste is intensely bitter and acrid; it is destitute of smell. It 
melts when heated, and resembles liquid wax, and on cooling 
becomes hard and brittle like resin. Cold water does not 
dissolves a sensible portion, though it acquires an acrid taste, 
Alcohol and sulphuric ether dissolve it readily, and the former 
solution gives a green colour to syrup of violets, and restores 
the blue colour of litmus, which has been reddened by vinegar. 

Delphia unites with acids, and forms neutral salts, which 
are all very soluble in water, and have a very acrid and bitter 
taste. (Ann. of Phil. xvi., or Ann. de Chim. et de Phys. xii.) 


Ant. 5.—Of Picrotoxia. 


This name has been given by Boullay to the acrid narcotic 
principle residing in the cocculus indicus, the fruit or berry of 
the Menispermum Cocculus. from a strong infusion of the 
seeds, ammonia, added in excess, precipitated a white granular 
crystalline powder. This powder, after being washed with 
cold water, partially dissolved in alcohol without colouring it; 
and on the spontaneous evaporation of the alcohol, was sepa- 
rated in beautiful silky needles. Similar crystals were obtain- 
ed by adding pure magnesia to an alcoholic infusion of the 
seeds. A greyish deposit was formed, which, after being lixi- 
viated with boiling alcohol, afforded crystals as before. 

Picrotoxia, thus obtained, has the following properties : 

1. It is white, and crystallizes in four-sided prisms. Its 
taste is disgustingly bitter. One hundred parts of boiling wa- 
ter dissolve only four of picrotoxia, and of this one-half is 
deposited on cooling. The solution does not affect vegetable 


blue colours. 
2 Alcohol of the specific gravity .810 dissolves one-third its 
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weight of picrotoxia. The addition of a little water throws 
down a precipitate, which a larger quantity re-dissolves. 

8. Sulphuric acid has no remarkable action on picrotoxia. 
Nitric acid dissolves it, and forms a yellowish green solution, 
which, when heated and evaporated, yields oxalic acid. It dis- 
solves in acetic acid, and is precipitated by carbonate of po- 
tassa. It is soluble also in weak solutions of the pure alkalis. 


The salts of picrotoxia are described in the Annals of Phi- 
losophy, xvi. 33. 


ArT. 6.—Of Alropia. 


In the analysis of the leaves of the Atropa Belladonna, M. 
Brandes found that pure alkalis precipitated, from the decoc- 
tion of the leaves in water, a substance which had alkaline 
properties like morphia. He boiled two pounds of the dried 
leaves in repeated quantities of water, mixed the decoctions, 
and added a little sulphuric acid, which rendered the solution 
thinner, -and enabled it more readily to pass the filter. The 
decoction was then supersaturated with potassa, by which he 
obtained a precipitate that, after being washed with pure water 
and dried, weighed 89 grains. It consisted of small crystals, 
from which, by repeated solution in acids and precipitation by 
alkalis, the new alkaline substance, atropia, was obtained in a 
state of purity. | 

The external appearance of atropia varies considerably ac- 
cording to the mode of its preparation, being either granular, 
or flaky, or gelatinous, like precipitated alumina. When per- 
fectly pure, it is snow white, otherwise it has a yellow tinge. 
It is quite tasteless. 

Cold water has scarcely any effect upon dried atropia, but 
dissolves a minute portion when recently precipitated, and 
boiling water dissolves stillmore. It is very sparingly soluble 
in cold alcohol, but boiling alcohol dissolves it readily, though 
less abundantly than morphia, and on cooling the greater part 
is again deposited. Ether and oil of turpentine had little 
effect upon it even at a boiling heat. Hot oil of almonds dis- 
solved a much larger quantity of it, and seemed to become 
less fluid. 


Atropia forms salts with acids, the greater number of which 
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are readily soluble in water; but they cannot be obtained 
without such an excess of acid as affects the colour tests. 
There cannot, however, be a doubt that atropia serves as a 
base, and is a true alkali; and there are strong reasons for be- 
lieving that its combinations with sulphuric and muriatic acids 
are bi-sulphates and bi-muriates. At present it would be pre- 
mature to assign the equivalent of this alkali. 

Atropia produces violent effects on the animal system, and 
M. Brandes was obliged to refrain from its investigation by the 
unpleasant symptoms which it occasioned. Even the vapour 
of its different salts produced giddiness, and dilatation of the 


pupils of the eyes. (Ann. of Phil. N.S. 1. 263.) 


Art. 7.—Of Veratria. 


In July 1819, MM. Pelletier and Caventou discovered a 
new vegetable alkali united with an excess of gallic acid in the 
seeds of the Veratrum Sabadilla, the root of Veratrum Album, 
and in that of the Colchicum Autumnale. After acting upon 
the seeds with ether, the residue was digested in heated alco- 
hol. By its action a coloured tincture was obtained, which, 
on cooling, deposited white flakes analogous to wax. The li- 
quid portion, evaporated to dryness, was soluble in cold water, 
except a small quantity offatty matter. ‘The watery solution, 
gently evaporated, deposited an orange-coloured precipitate, 
and, when this ceased to appear, acetate of lead was poured 
into the residuary liquor, which had still a deep colour. Im- 
mediately a very abundant yellow precipitate fell, which was 
separated by a filter; and the liquid, which passed through, 
was almost colourless. It contained, beside other substances, 
acetate of lead, from which the lead was precipitated by sul- 
phureted hydrogen. ‘To the liquid, filtered and concentrated 
by evaporation, magnesia was added, and it was again filtered. 
The clear liquid contained acetate of magnesia and colouring 
matter; the magnesian precipitate was washed with several 
portions of alcohol ; and the alcoholic solution gave, on evapo- 
ration, a powder which was excessively acrid, and had dis- 
tinctly alkaline characters. | 

Veratria is white and pulverulent, and destitute of afuelbe 
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but when inhaled into the nostrils, it produces violent and 
dangerous sneezing, even when the quantity is too small 
to be weighed. Its taste is acrid in the highest degree, but 
without any bitterness. In very minute quantity, it produces 
dreadful sickness and vomiting, and in the quantity of a few 
grains would doubtless prove fatal. 

It is not more soluble in cold water than morphia or strych- 
nia. Boiling water takes up 1-1000th of its weight, and ac- 
quires an acrid taste. It is extremely soluble in alcohol; and 
ether also dissolves it, but in less quantity. 

Veratria fuses at the temperature of 122°, and has then the 
appearance of melted wax ; on cooling, it becomes semi-trans- 
parent and amber-coloured. It restores to blue the colour of 
reddened litmus paper, and saturates acids, forming with them 
salts which are not crystallizable, and the elements of which 
are so weakly combined as to be separated by the mere action 
of water. Nitric acid, if heated and concentrated, alters the 
arrangement of its elements, and decomposes it, but does not 
produce a red colour, as with morphia, strychnia, and brucia. 
In this respect, and in affording acid salts, it approaches to 
picrotoxia. (Ann. de Chim. et de Phys. xiv. 69.) 


Arr. 8.—Of Hyoscyama. 


In the Annals of Philosophy, xvi. 69, is a brief notice of 
another alkali extracted by M. Brandes from Hyoscyamus 
Niger, or henbane. It is not easily altered by a high tempera- 
ture, even when heated to redness with charcoal. It crystal- 
lizes in long prisms, and, when saturated with sulphuric acid, 
or still better with nitric acid, affords very characteristic salts. 


Arr. 9.—Of Cinchonia and Quinia. 


Cinchonia was first extracted by Dr. Gomés of Lisbon, from 
Peruvian bark (Cinchona Condaminea); but the process which 
he followed, leaving it united with some other matter, it was at 
first mistaken for a resin. MM. Pelletier and Caventou were 
the first who suspected that cinchona contained a salifiable base 
analogous to morphia and the other vegetable alkalis, and 
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verified this notion by examining its properties in a state of 
purity. The following process for obtaining it is given by M. 
Badollier, Ann. de Chim. et de Phys. xvil. 273. 

A pound of yellow bark, bruised small, is to be boiled for a 
quarter of an hour in three pints of a very dilute solution of 
pure potassa. ‘The liquid, after being suffered to cool, is then to 
be strained through a fine cloth with pressure, and the residunm 
repeatedly washed and pressed. ‘The cinchona, thus washed, 
is to be slightly heated in a sufficient quantity of water, adding 
muriatic acid gradually until litmus paper is slightly reddened. 
When the liquid is raised nearly to the boiling point, it is to 
be strained, and the cinchona again pressed. ‘l’o the strained 
liquer, while hot, add an ounce of sulphate of magnesia, and 
after this add solution of potassa, till it ceases to occasion any 
precipitate. When the liquor is cold, collect the precipitate 
on a filter, wash and dry it, and dissolve it in hot alcohol. On 
evaporation of the alcohol, the cinchonia crystallizes in delicate 
prisms. 

Cinchonia thus obtained is white, translucent, crystalline, 
and soluble in 2500 times its weight of boiling water, but a 
considerable part separates.on cooling. Its taste is bitter, 
though long in being developed owing to its insolubility ; but 
its acid solutions have a strong taste of Peruvian bark. It is 
neither fusible nor volatile at moderate temperatures. It is 
very soluble in alcohol and ether, and sparingly soin fixed and 
volatile oils. 

Cinchonia restores the colour of litmus, which has been red- 
dened by an acid; unites with all the acids; and, with the 
greater number, forms compounds which are perfectly neutral. 
The sulphate is very soluble, has an intensely bitter taste, and 
crystallizes in four-sided prisms. ‘The muriate is still more 
soluble in water than the sulphate; dissolves in alcohol; and 
crystallizes in delicate prisms. ‘The nitrate is not crystallizable. 
The oxalate, tartrate, and gallate of cinchonia are insoluble. 
Hence it is that infusion of galls precipitates the decoction of 
cinchonia. (See Ann. de Chim. et Phys. xv. 289, $373 xvii. 
273, 316; and Ann. of Phil. N.S. ii. 316). 

Quinia was discovered by Pelletier and Caventou in the bark 
of the Cinchona Cordifolia. It may be separated by a process 
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precisely analogous to the foregoing. It is not crystallizable, 
but, when dried, presents a whitish porous mass, almost inso- 
luble in water, but extremely bitter. It is distinguished also 
from cinchonia by its forming, with the same acid, salts which 
differ as to their form, and the proportion of their elements. 
The sulphate of quinia is less soluble, but fully as bitter as that 
of cinchonia. It crystallizes in fine needles, which have the 
aspect of amianthus. 

Both these vegetable alkalis, when decomposed by peroxide 
of copper, yield only water and carbonic acid, but no azote. 

According to Pelletier and Caventou, the Cinchona Conda- 
minea is composed of 


1. Cinchonia united to kinic acid. 

2. A greenish fatty matter. 

- A red insoluble matter. 

A red soluble matter (a variety o° tan). 
» Yellow colouring matter. 

Kinate of lime. 

. Gum. 

Starch. 

9. Lignin. 
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The other varieties of cinchona present the same ingre- 
dients in different proportions. Vauquelin found that those 
specimens of Peruvian bark possess the greatest medicinal ef- 
ficacy, whose infusions are precipitated not only by infusion of 
nut-galls, but by solutions of gelatine, and of emetic tartar. 
The inefficiency of all these agents, when applied as tests to an 
infusion of Peruvian bark, was observed to take place only in 
those specimens, which experience had shown to be destitute 
of medicinal virtues. 

—— 


SECTION XVIII. 
Of Suber and its Acid. 


Tuts name has been used to denote common cork wood, 
which appears to be possessed of peculiar properties, especially 
in its relation to nitric acid, 

VOle-ih. U 
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- Cork-wood appears, however, from the experiments of Chev- 
reul, to contain several substances, which may be separated 
from each other by the successive action of water and alcohol 
applied by means of a small Papin’s digester of a peculiar con- 
struction, which he has described in the Ann. de Chimie, 
xevi. 149. To water thus raised above its ordinary boiling 
point, cork gave out an aromatic principle, and a little acetic 
acid, which passed over into the receiver. ‘The watery extract 
contained a variety of substances, v2x. two colouring matters, 
the one yellow, the other red; an acid, the nature of which 
was not determined; gallic acid; an astringent matter; gal- 
late of iron, &c. ‘Twenty parts of cork thus treated, left 17.15 
of insoluble matter, which, when digested with alcohol, yielded 
three distinct substances, cerin, resin, and a peculiar oil. 
When the alcohol was evaporated to one-sixth and set aside, 
the cerin separated in small white needles, not fusible in boil- 
ing water, but becoming soft and settling to the bottom. Ce- 
rin, thus obtained, is, in a very small degree, more soluble than 
wax in alcohol, 1000 parts of boiling alcohol taking up 2.42 
of cerin and only two parts of wax. Nitric acid gradually dis- 
solves cerin, and changes it into oxalic acid. Its properties 
differ, therefore, from those of the substance to which the 
same name was given by Dr. John (see page 275.) 

Of the 20 parts of cork-wcod thus successively treated with 
water and alcohol, 14 parts remained undissolved. ‘They con-, 
sisted of suber, probably, however, not perfectly pure: but of 
its properties in that state, we have as yet no accurate knew- 
ledge. (See Ann. of Phil. ix. 52.) 

Brugnatelli first converted cork by nitric acid into an acid 
having some of the properties of the oxalic and benzoic, but 
proved by the subsequent investigation of Bouillon la Grange 
and Chevreul to bea distinct and peculiar compound. It may 
be prepared from cork-wood by the following process : 

To a quantity of cork, grated into powder, and contained 
in a tubulated retort, add six times its weight of nitric acid, 
of the specific gravity 1.260; and distil the mixture, with a 
gentle heat, as long as any red vapours escape. As the dis- 
tillation advances, a yellow matter, like wax, appears on the 
surface of the liquid. While the contents of the retort 
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continue hot, they are to be poured into a glass vessel, placed 
on a sand-bath, and constantly stirred with a glass rod, by 
which means the liquid gradually becomes thick. As soon 
as white penetrating vapours appear, let it be removed from 
the sand-bath, and stirred till it becomes cold. An orange- 
coloured mass will be obtained, of the consistence of honey, 
haying a strong and sharp odour while hot, and a peculiar 
aromatic smell when cold. On this, pour twice its weight of 
boiling water; apply heat till it liquefies; and filter. The 
filtered liquor, as it cools, deposits a powdery sediment, and 
becomes covered with a thin pellicle. The sediment is to be 
separated by filtration; and the liquid reduced, by evapora- 
tion, nearly to dryness. This mass is the suberic acid. It 
may be purified, either by saturating it with alkali, and preci- 
pitating by an acid, or by boiling it with charcoal powder. 

Suberic acid has the following properties : 

1. It is not erystallizable. | 

2. It has an acid and slightly bitter taste; and, when dis- 
solved in boiling water, it acts on the throat, and excites 
coughing. 

3. It reddens vegetable blues, and changes the blue solu- 
tion of indigo in sulphuric acid to green. 

4. Cold water dissolves about ;1,th its weight, and boiling 
water half its weight. 
8. It attracts moisture from the air. 

6. When heated in a matrass, it sublimes, and is obtained 
in concentric circles, composed of numerous small points. 

7. With alkalis, earths, and metallic oxides, it forms a class 
of salts called Suberates, 


io = 


SECTION XIX. 
Of Bitumens. 


Txovuen bitumens, on account of their origin, are, with 
more propriety, classed among mineral substances; yet, in 
chemical properties, they are more closely allied to the pro- 
ducts of the vegetable kingdom. Like vegetable substances 
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in general, they burn in the open air, and with a degree of 
brightness that surpasses even that of resins. _ By distillation 
per se, they yield weak acetic acid, an empyreumatic oil, some 
ammonia, and a considerable quantity of olefiant and carbu- 
reted hydrogen gases, with occasionally a small proportion of 
carbonic acid and sulphureted hydrogen. ‘They are neither 
soluble in water nor in alcohol, and in the latter respect 
they differ from resins. There can be little doubt that 
they have been formed originally by the decomposition of ve- 
getables. | 

The bitumens have been divided into liquid and solid. 
Formerly it was supposed that the liquid bitumens had 
been derived, by a sort of natural distillation, from the solid ; 
but Mr. Hatchett has rendered it probable that the solid 
bitumens result rather from the consolidation of the fluid 
ones.* 

The native bituminous substances are Naphtha, Petroleum, 
Mineral Tar, Mineral Pitch, Asphaltum, Jet, Pit-Coal, Bitu- 
minous Wood, Turf, and Peat. To these some writers have 
added Amber and the Honey-Stone. 

Napurua is a substance well known to mineralogists as a 
light, thin, often colourless oil, highly odoriferous and in- 
flammable, which is found on the surface of the water of cer- 
tain springs in Italy, and on the shores of the Caspian Sea. 
It may be obtained also by distilling petroleum at a low degree 
of heat. It has a penetrating but not disagreeable odour. Its 
specific gravity is about .708, or according to Brisson .845. 
Saussure found its specific gravity in its natural state to be .836, 
after one rectification .769, and after two .758; but it could 
not be rendered lighter by repeating the distillations. It does 
not congeal at 0° Fahrenheit. 

Nawhtls is very volatile, highly inflammable, and burns 
with a penetrating smell and much smoke. It may be distilled 
without alteration. By long exposure to the air it becomes 
thick and coloured, and passes to the state of petroleum. The 
addition of a little sulphuric or nitric acid produces the same 
change more speedily. It is not miscible either with water or 


* Linnean Transactions, 1797. 
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with alcohol, unless the alcohol be pure, and then the latter 
unites with one-fifth. It combines in all proportions with sul- 
phuric ether, petroleum, and oils, both fixed and volatile. It 
softens caoutchouc, but does not effect a perfect solution of 
it. When heated, it dissolves sulphur and phosphorus, but 
deposits them again in crystals on cooling. 

Naphtha appears to be the only fluid we are acquainted 
with, in which oxygen does not exist in some proportion. 
‘This circumstance renders it of great use in preserving the new 
metals discovered by Sir H. Davy. When recently distilled, 
they have no action on it; but in naphtha that has been ex- 
‘posed to the air, these metals soon oxidate; and alkali is form- 
ed, which unites with the naphtha into a kind of brown soap. 
When carefully rectified, Saussure did not find that it was 
at all altered by being kept three years in vials half full. 

Its boiling point is 186°, Fahrenheit. The density of its 
vapour is 2.833, air being 1; and at 721° Fahr. it supports a 
column of quicksilver 1.78 inch in height. Dr. Thomson 
fixes the boiling point of Persian naphtha sp. gr. 0.753 at 320° 
Tahr. and the sp. gr. of its vapour at 2.263, the temperature 
being 55° Fahr. A mixture of this vapour with common air 
burns like carbureted hydrogen gas. By its detonation with 
oxygen gas, Saussure determined the composition of naphtha 
to be , 

Caro cs, os PET 6 ks she Io 
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100.* 


This would indicate . 
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_ Dr. Thomson analyzed Persian naphtha by igniting it with 
peroxide of copper, and obtained gaseous products indicating 
82.2 carbon + 14.8 hydrogen in 100 of naphtha, leaving a 


* Thomson’s Annals, x. 118. 
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deficiency of 3 per cent. which he ascribes to azote. ‘The pro- 
portion of the atoms of carbon to those of hydrogen, best ac- 
cording with these experiments, would be 14 of the former to 
13 of the latter.* 

Dr. Ure’s analysis of naphtha sp. gr. 0.857 obtained by dis- 
tillation from petroleum, assigns moreover an atom of oxygen, 
viz. 


Carboll 35... 0 22 QUOMIS css LOM os vs Oo 
CPEVSOR ccksoy  t CUNO ke CO ene oe 
Fiydsogen i.) QD GO os . 20 sen ea ta 


eee ee ae 


160 100. 


According to this view, naphtha should consist of 20 atoms 
of olefiant gas, + 1 of carbonic oxide, + 1 of free carbon. 
It is probable, however, that the two last elements are to be 
ascribed to the impurity of the specimen submitted to analysis, 
which seems to have had a greater specific gravity than belongs 
to highly rectified naphtha. ‘This want of agreement between _ 
different results, points out the pitas of a fresh analysis of 
naphtha. 

PETROLEUM is considerably thicker wes naphtha, and has 
a greasy feel. It is imperfectly transparent, and of a reddish 
brown colour. Its specific gravity is .878. 

When distilled per se, a portion of colourless naphtha is 
first obtained; then an empyreumatic acid liquor; next a | 
thick brown oil; and a portion of black shining coal remains 
in the retort. 

Petroleum is highly inflammable. Sulphuric and _ nitric 
acids convert it into a thick bitumen; and exposure to the 
air produces the same effect more slowly. It has the property 
of combining with fat and essential oils, with resins, camphor 
and sulphur, and, when rectified, it dissolves caoutchouc. 

Minerat Tar is thicker and more viscid than petroleum, 
and of a reddish or blackish brown colour. In chemical pro- 
perties it resembles petroleum. 

The solid bitumens are Maltha, Asphaltum, and Elastic 


* Ann. of Phil. xv, 307. 
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Bitumen or Mineral Caoutchouc, besides the several varieties 
of Coal and Peat. . 

Ma.rHa or MINERAL PITCH has a brownish black colour, 
and little or no lustre. It is so soft that it is impressed by the 
nails, but does not stain the fingers. Its specific gravity is 
from 1.45 to 2.06. It is aa inflammable, and burns 
with a bright flame, leaving only a small quantity of ashes. 

ASPHALTUM is Latina black in its colour, is brittle, 
shining, and does not stain the fingers. Its specific gravity 

varies from 1.07 to 1.65. It is extremely inflammable, and 
burns with a yellow flame. By distillation per se, it yields a 
light brown oil resembling naphtha, a portion of water im~ 
pregnated with ammonia, and a quantity of carbureted hy- 
drogen gas. It has been analyzed by Klaproth, whose accounts 
of it may be seen in the second volume of his * Contribu- 
tions.” 

The appropriate solvent of asphaltum is naphtha, of which 
its requires five times its weight. The solution is of a deep 
black colour, and forms an excellent varnish. 

ELASTIC BITUMEN OF MINERAL CAOUTCHOUG, is a rare pro 
duction of nature, and has hitherto been found only in Der- 
byshire. It is inflammable, and burns with much smoke. By 
a gentle heat it is melted and converted into petroleum, maltha, 
or asphaltum. It resists the action of solvents. 

_RETINASPHALTUM is also a rare production of the same 
county. It has no elasticity; but is brittle, and breaks with a 
glassy fracture. Its colour is pale ochre yellow ; its specific 
gravity 1.135. It melts on the application of heat, and burns 
with a bright flame. It is partially soluble in alcohol, potassa, 
and nitric acid. One hundred parts contain 55 resin, 42 as- 

phaltum, and 3 earthy ma | 
_ Prr-coat is a general term, applied to several distinct va- 
rieties of minerals. ‘They bave been divided by Werner into 
the three families of brown coal, black coal, and glance coal 
or mineral carbon. 

I. Brown coal is only imperfectly bitumenized, and exhibits, 
distinctly, the remains of the vegetables, from whose decay it 
has originated. It is brown, opaque, somewhat flexible and 
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elastic, and nearly light enough to float on water, It burns 
with a clear fame, and with a bituminous odour mixed with 
that of sulphur. In the mode of its combustion, as well as 
in its external appearance, it bears a considerable resemblance 
to wood that has been half charred. 

II. Black coal is the substance which is commonly applied 
to the purposes of fuel. It shows no remains of the vegetables 
from which it has originated; but appears to be a compound 
of bitumen and charcoal; and according to the proportion of 
these two ingredients, its properties vary considerably. The 
best kinds melt on the application of a moderate heat, and 
burn almost entirely away, with a clear bright flame. By 
distillation, they yield a quantity of water holding carbonate 
and sulphuret of ammonia in solution; a large proportion of 
tar is obtained, which, by evaporation and “fusion, forms a 
kind of asphaltum; and an immense pr oduction takes place of 
olefiant and carbureted hydrogen gases, which may be advan- 
tageously applied to burning in lamps. (See vol. i. p. 418.) 

In the retort, a hard heavy charcoal remains called coke. 
It contains generally a good deal of sulphur ; and emits, during 
combustion, a eubienGar smell of sulphurous acid. 

The Wernerian arrangement of black coal into six sub- 
species, does not appear to Dr. Thomson applicable to the dif- 
ferent kinds of coal which are found in Great Britain. He 
proposes four subdivisions only, which he distinguishes by the 
following names, 

1. Caking coal, so called because its fragments melt at a 
certain temperature, and unite into one mass. The coal of 
Newcastle, which is carried to London, and also much of the 
coal found in the neighbourhood of Manchester, and in va- 
5 other parts of the ate belong to this species. 

2. Splint coal, or splent coal, which has received its name 
from the splintery appearance = its cross fracture. It has 
also been called hard coal from the difficulty of breaking it. | 
It is the sort best adapted for making coke, and extracting iron 
from itsores; though, when it cannot be obtained, othes vale 
rieties of coal are applied to those purposes. 

8. Cherry coal.—This coal abounds in the neighbourhood of 
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Glasgow and in Staffordshire. It has considerable lustre, 
both in its principal fracture, which is slatey, and in its cross 
fracture, which is flat and conchoidal. It is ofabout the same 
degree of hardness as caking coal, and, being very easily fran- 
gible, there is considerable loss in mining it. It readily catches 
‘fire, burns with a clear yellow flame, and is consumed much 
faster than either of the foregoing species. It abounds in the 
neighbourhood of Glasgow and of Birmingham. 

4. Cannel coal is a very well characterized species. It is 
found ofthe best quality and in the greatest abundance at Wi- 
gan in Lancashire. Its great combustibility, and the vivid 
light which it emits, have occasioned its being sometimes sub- 
stituted for candles. As it does not at all soil the fingers, and 
is easily turned by a lathe, it is made into snuff-boxes, ink- 
stands, and various trinkets. 

The fluid and gaseous substances obtained by the analysis 
of pit-coal are to be regarded, not as mere products which pre- 
existed in the coal in the same state as that in which they are 
evolved, but as generated by the action of heat in effecting a 
new arrangement of their ultimate elements. Dr. Thomson, 
therefore, catia the ultimate analysis of coal as alone capa- 
ble of giving any satisfactory information of its nature. With 
this view he analyzed the different species, by combustion with 
peroxide of copper. The proportion of incombustible matter 
in each species was found to be as follows : 


In 100 grains of caking coal .......+5.. 1.8 
In 100 grains of splint coal ............ 9.5 
In, 100 grains of cherry coal .,......... 10. 
In 100 grains of cannel coal............ Il. 


The quantity of coke - ormed, and of volatile matter dissi- 
_ pated, from 1000 parts, are expressed in the following Table. 


From 1000 parts of Weight of Coke. Volatile Matter. 
Caking coal .......++2 774.0 ..00..--.. 226. 
Bint COAL tiacn. ont hae GME h' sac. 852.7 
heiay coal)... . 5 gto « 5220 syns ec esos 4775 


Cannel a — - 400... Fs caiev'e SOC 
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The two following Tables exhibit the results of Dr. Thom- 
son’s analysis of the four different species of coal. 


I. Constituents by Weight. 


Carbon.| Hydrogen. | Azote. Oxygen.) Total. 


Caking coal .......| 75.28 4.18 (15.96 | 4.58 100 
Ealint coal .. sie) 75.00 6.25 6.25 | 12.50 | 100 
Cherry coal........| 74.45 | 12.40 | 10.22 | 2.93 100 
Cannel coal . ta nl O4072 | 21.56 | 1o.72 4. G00 100 


Il. Constituents in Atoms. 


ial Carbon. | Hydrogen. | Azote. |Oxygen. | parmeied 
Cakinigmoal........)#83 11 38 15 | 48.5 
Splineieak. o... ove.) 28 14 1 3.5 | 46.5 
Cherry coal........| 34 34 g 1 71 
Cannel: Goal. siise oa des 11 22 1 O | 34 


Dr. Ure has given different results for splint and cannel 
coal (Phil. Trans. 1822, p. 471.) But as azote is not included 
in them, and as all the specimens of these two varieties of coal, 
which I have ever tried, have yielded ammonia by distillation, 
I cannot consider the atomic constitution, which he has as- 
signed to these two bodies, as correct. It appears to me, 
however, that he is nearer the true proportion of oxygen, viz. 
21.05 in 100 parts of cannel coal, and 24.8 in 100 of splint — 
coal; for the quantity of products into which oxygen enters 
(water, carbonic acid, and carbonic oxide), obtained by the 
destructive distillation of coal, indicates a considerable propor- 
tion of that element. ie 

NAPHTHALINE.— This substance, t Rich not a native bitu- 
men, may be described in this place, as one of the products of 
the decomposition of coal. It is produced abundantly in the 
first and second distillations of coal tar; and separates sponta- 
neously, especially in cold weather, from the volatile oil whic 


comes over. After being purified as completely as possible, 


from the oily matter sain ll adheres to it, by being pressed be- 
tween folds of blotting paper, it may be eHieool ea in heated al- 


cohol, from which it separates again on cooling. After re- 


= 
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peated solutions and crystallizations, it is obtained in brilliant 
white scaley crystals, similar to benzoic acid, but of a more 
silvery lustre. | 

Naphthaline has a pungent and aromatic taste, and a pene- 
trating smell, which adheres permanently to any substance 
that is brought into contact with it. [tis smooth and unctuous 
to the touch. Its specific gravity a little exceeds that of wa- 
ter. It is less volatile than camphor, melts at about 180° (168° 
Ure) and boils at 410° Fahr. On cooling, it assumes a dis- 
tinctly crystalline structure. 

It is not very easily inflamed, but when set on fire, it burns 
with a copious dense smoke. It does not affect the colours of 
litmus or turmeric. It is insoluble in cold water, and very 
sparingly in hot water. It is readily soluble in alcohol and ether, 
and in both those fluids, when heated, it dissolves to almost 
any amount. It is soluble in fixed and essential oi S35 in ace- 
tic and oxalic acids, to each of which it imparts a pink colour ; 
and in diluted mineral acids. Of all its characters, its ready 
disposition to crystallize is perhaps the most remarkable. 
These crystals are rhombic plates, the greater angle of which 
varies from 100° to 105°, and which are arranged so as to in- 
tersect each other and to form cells.* 

The only analysis of naphthaline that has been published is 
that of Dr. Ure. He assigns to it the following atomic con- 
stitution, but expresses some doubts as to the perfect accuracy 
of his results, on account of the difficulty of effecting the com- 
plete combustion of the carbon of so volatile a body. It ap- 
pears to consist of 


Carbon .-% ie APOMS «..5 22 .-., 92.9 
Tiydrogen ..tggmet atom. a... 1 .... 7.1 


eraceeenmnt 


13 100. 


The absence of oxygen, first pointed out by Mr. Brande, is 
confirmed by this analysis. (Phil. Trans. 1822, p.473.) There 
can be little doubt, indeed, that naphthaline is compounded of 
carbon and hydrogen only. | 


* Brande, Quarterly Journ. viil. 287; Ann. of Phil. xv. 75; Professor 
Kidd’s Memoir in Phil, Trans, 1821, p. 214. 
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III. Glance coal appears to be chiefly pure charcoal with 
very little bitumen, accompanied only by a proportion of 
earthy matter. It is found at Kilkenny, and is common in 
some parts of this kingdom, where it is known by the name of 
stone coal. It burns with little or no flame; and, when sub- 
mitted to distillation, yields no tar; and a sort of carbureted 
hydrogen gas in small quantity, which, from its inferior den- 
sity, cannot be advantageously burned in lamps. ) 

In PEAT OR TURF, the remains of vegetable organization are 
generally very evident; and it consists, indeed, in a great 
measure, of fibres of several mosses, with occasionally whole 
branches, and even trunks, of various trees, It is extremely 
inflammable in the open air; and, when distilled in close 
vessels, yields products similar to those of coal. ‘The gas, 
however, which is evolved, approaches more in its characters 
to carbonic oxide than to carbureted hydrogen. In an excel- 
lent account of this substance, given by Mr. Jameson in his 
Mineralogy of the Shetland Ides, peat is said to contain the 
suberic acid. ‘The sulphates of iron, soda, and magnesia, are, 
also, occasionally found as ingredients of peat; and, when in 
considerable proportion, impair its combustibility. 

MELLILITE, Or HONEY-sTONE, so called from the resem- 
blance of its colour to that of honey, is a very rare produc- 
tion, and has been found, accompanying brown coal, in a 
very few parts of the continent. It is consumed when ig- 
nited in the open air, but without flame or smoke. When 
long boiled in water, it yields a solution, which, on being 
concentrated and mixed with alcohol, becomes pitchy. By 
continued trituration, however, it is dissolved, with the excep- 
tion of some earthy flocculi. The clear liquid, decanted and 
evaporated, yields a brownish saline mass; from which, by 
two successive evaporations and solutions, needle-shaped a 

tals are obtained. ‘These are the pure mellitic acid. 

The taste of this acid is sweetish, and at the same time sour, 
with some bitterness. It is combustible when ignited in the 
air; and is decomposed by nitric acid, without the production 
of any oxalic acid. Dropped into the watery solutions of 
lime, baryta, or strontia, it gives a precipitate, which is 
soluble in muriatic acid. With acetates of baryta and lead, 
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and nitrates of mercury and iron, it gives precipitates, which 
are soluble in nitric acid. It neutralizes the three alkalies, 
and affords with them crystallizable salts. 


——-. 
SECTION XX. 


Of the Vegetable Principles of Asparagus, Elm-tree Gum, 
Elecampane, Mushrooms, Saffron, Tobacco, [pecacuanha, &c. 


By an attentive examination of the products of vegetation, 
some new substances have been discovered, the properties of 
which do not agree with those of any that have been the sub- 
jects of the preceding sections. Of this number, some cannot 
be considered as sufficiently investigated to be received as dis- 
tinct principles; and others are limited to so few plants, that 
there appears to be a propriety in describing them apart from 
the more general products of vegetation. 

1. Asparagin, Yrom the juice of asparagus, concentrated 
by evaporation, Messrs. Vauquelin and Robiquet observed a 
considerable number of crystals to separate spontaneously.* 
Of these, some became, after repeated crystallizations, per- 
fectly white and transparent. They were cool and slightly 
nauseous to the taste; were soluble in water; and neither af- 
fected the re-agents for acids nor alkalis. The infusion of 
galls, acetate of lead, oxalate of ammonia, muriate of baryta, 
and hydro-sulphuret of potassa, produced no change in the 
solution ; and no ammonia was disengaged by potassa. When 
burned in a platina crucible, they swelled up and emitted 
penctrating vapours, which affected the eyes and nose like 
the smoke of wood; and left a large proportion of charcoal, 
in which no traces of alkali could be discovered. Towards 
the close of the decomposition, an odour arose similar to that 
of animal matter, and inclining, also, to that of ammonia, 
It appears, therefore, that this substance, though crystalliz- 
able, cannot be considered as a neutral salt for it contains 
neither alkali nor earth. Like other vegetable matters it ap- 


* Nicholson’s Journal, xv, 242. 


302 VEGETABLE SUBSTANCES. ‘CHAP.:X. 


pears to consist of hydrogen, oxygen, and charcoal, in pro- 
portions not yet determined, with perhaps some nitrogen. 

2. Ulmin. In the year 1802, Klaproth received from Pa- 
lermo, a substance which exudes spontaneously from a species 
of elm, and which, in external characters, bore a considerable 
resemblance to gum. It dissolved in a small quantity of water, 
and gave a transparent solution of a blackish brown colour, 
which was not, however, mucilaginous, and could not be ap- 
plied to the purpose of a paste. Nitric acid precipitated from 
the solution a light brown substance, which was soluble in 
alcohol, though the gum itself resisted that solvent. Oxy- 
muriatic acid produced a similar effect. ‘The property of 
producing a resin by the addition of a little oxygen, is pecu- 
liar to this substance, and sufficiently characteristic. Dr. — 
Thomson has proposed for it the name of Ulmin; and he 
and Mr. Smithson have paid much attention to the in- 
vestigation of its properties.* It appears to be a very com- 
mor vegetable product, exuding from various trees, and ex- 
isting, according to Berzelius, in the bark of most. When 
pure it is tasteless; sparingly soluble in water and in alcohol; 
not precipitated by acids, gelatine, or tan; and very soluble 
in alkaline carbonates, from which it is separated by acids and 
metallic salts. 

3. Inulin. When the roots of the inula helenium, or ele- 
campane, are boiled some time in water, the decoction, after 
standing some hours, deposits some white powder like starch, 
but differing in its chemical qualities. Rose, who was the first 
person that investigated its properties, found that it is insolu- 
ble in cold water, but that it readily dissolves in four times its 
weight of boiling water into a liquid which is somewhat muci- 
laginous and not quite transparent. After some hours, the 
substance precipitates from the water, in the form of a white 
powder; and it may also be thrown down by alcohol. When 
placed on burning coals, it melts as. readily as sugar; emits a 
similar smell; and is consumed, leaving a very small residuum 
of charcoal. When treated with nitric acid, is yields oxalic 


* See his Annals of Philos. vols, 1 and 2; and Mr. Smithson’s paper, 
Phil. Trans. 1813. ) 
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and malic acids; or acetic acid if too much nitric acid be em- 
ployed. It differs, however, from gum in not affording, by 
this treatment, any saccholactic acid; and from starch (be- 
sides separating spontaneously from hot water,) in yielding 
none of the waxy matter, which is formed when starch is 
digested with the same acid. 

Inulin has since been examined by M. Gaultier de Claubry, 
‘who has pointed out the following characters as discriminating 
it from fecula or starch. It is much more soluble than starch 
in hot water, with which it does not form a jelly, but is deposited 
on cooling in the form of a white powder. It dissolves, also, 
in four or five times its weight of water at 140° Fahrenheit, 
and the solution, when evaporated, becomes viscous, but not 
gelatinous. With iodine, it forms a greenish-yellow com- 
pound, which is spontaneously decomposed, in part at least, 
in a short space of time. ‘The inulin remains lightly coloured 
yellow, and retains a portion of iodine. Muriatic acid, as 
well as solutions of pure alkalis, render starch gelatinous, 
but dissolve inulin without giving any jelly. Concentrated 
sulphuric acid, which carbonizes starch, and is at the same 
time converted into sulphurous acid, dissolves inulin without 
any extrication of sulphurous acid; and the inulin may be 
precipitated by ammonia. These properties appear to be suf- 
ficiently characteristic to entitle inulin to be considered as a 
distinct vegetable substance. ‘l’o obtain it in a state of purity, 
M. de Claubry recommends to boil the roots of elecampane 
in a sufficiently large quantity of water; to filter the liquor, 
and to evaporate it to the consistence of an extract, which is 
to be washed with cold water. From the washings, there 
falls a considerable quantity of inulin, which is to be gently 
dried, not however on filtering paper, as it adheres to this too 
firmly to be got off.* ‘ 

Inulin has been found by Pelletier and Caventou, in the root 
of the Colchicum Autumnale, remaining after the successive 
action of ether, alcohol, and water. To distinguish it from 
starch, they pour into a decoction of the substance supposed 
to contain inulin, an infusion of nutgalls. An immediate pre- 


* 94 Ann, de Chim, 200, 
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cipitation ensues. On heating the liquor gradually, the pre- 
cipitate is redissolved at about 122° Fahr. if the starch be 
pure, but if inulin be present it is not redissolved till the liquid 
approaches 212°. (Ann. de Chim. et Phys. xiv. 82.) Inulin 
constitutes an ingredient also of the roots of the Anihemis 
Pyrethrum, and of the Angelica Archangelica, and, according 
to Dr. John, of the gall nut. (Do. vili. 102.) 

4. Fungin. This substance has been extracted by Bracon- 
not* from the fleshy part of mushrooms. It may be cbtained 
by washing off the soluble ingredients with hot water, to which 
a little alkali has been added. There remains a white, insipid, 
soft, and. but little elastic substance. It has a fleshy structure, 
and is in a high degree nutritious, and free from deleterious 
properties. When dry, it burns vividly, and emits an odour 
resembling that of bread. By destructive distillation, it yields 
ammonia, and not an acid like wood. It differs, also, from 
lignin, in being insoluble in alkaline solutions, except when 
they are heated and very strong. Pure ammonia dissolves a 
portion of it, but deposits it on exposure to air. 

Weak sulphuric acid has no action on fungin. The con- 
centrated acid chars it, and sulphurous and acetic acids are 
formed. Muriatic acid dissolves it slowly, and converts it 
into a gelatinous matter. When heated with diluted nitric 
acid, azotic gas is disengaged. In this property, and in the 
results of its putrefaction, as well as in yielding ammonia on 
distillation, it approaches very nearly to animal substances. _ 

5. Polychroite. This name has been given, by Bouillon La 
Grange and Vogel, to the extract of saffron prepared with 
alcohol. It has a very intense yellow colour, a bitter taste, 
and an agreeable smell. It is soluble in water and in alcohol; 
and the solution, by exposure to light, gradually loses its 
colour, which is destroyed, also, by chlorine. A few drops of 
sulphuric acid change the colour to a beautiful blue; and ni- 
tric acid, added in like manner, to green. 

Polychroite unites with lime, potassa, and baryta, and affords 
with those bases soluble compounds. Sulphate of iron preci- 
pitates it of a dark brown colour. By destructive distillation, 


79 Ann de Chim. 267. 
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it yields an acid liquor containing ammonia, and carbonic 
acid and carbureted hydrogen gases. 

6. Hematin is the colouring matter of the Hematoxylon 
Campechianum, or Logwood, and was first recognised by 
Chevreul as a distinct vegetable substance. To obtain it, 
digest finely ground logwood, for several hours, in water of a 
temperature between 120° and 130°. Let the filtered liquor 
be evaporated to dryness, and the residue be digested for a 
whole day in alcohol of sp. gr. 0.835. Filter the solution, 
concentrate it by evaporation, then add a little water, evapo- 
rate a little farther, and leave it to itself. Small brilliant 
crystals will be deposited in abundance, of a reddish-white 
colour, and a slightly bitter, astringent, and acrid taste. 
They are soluble in boiling water, and impart to it an orange 
red colour, which becomes yellow when the liquid cools, but is 
restored by heat. The solution on evaporation again yields crys- 
tals of heematin. Acids, with the exception of the sulphurous 
acid, which destroysits colour, render the solution first yellow 
and then red. Caustic alkalis render it purplish red, or in 
larve quantity violet, then reddish brown, and finally yellow- 
ish brown; and the colour cannot afterwards be restored by 
adding acids. Hence the hematin is decomposed. Ge- 
latin precipitates it from water in yellow flocks. (Ann. de 
Chim. Ixxxi. 128.) 

7. Nicotin. This is the principle in which reside the active 
properties of tobacco (nicotiana), from the juice of which it 
may be extracted by the following process of Vauquelin.* 
Evaporate the expressed juice to one fourth of its bulk, and 
pour off the fluid from the gritty matter which separates on 
cooling. Repeat this operation as cften as any similar deposit 
takes place; and, when the fluid is so much inspissated that 
nothing farther can fall, digest it in alcohol. Distil off the 
alcohol, and concentrate the residual matter to dryness by a 
very gentle heat. Dissolve this again in alcohol, and again 
reduce it to a dry state. In this state, it still contains both 
acetic and malic acids; it must therefore be dissolved in water, 
and very cautiously saturated with potassa. When this liquid 


ae pn cn enn, 


* Ann, de Chim. Ixxi. 189. 
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is distilled to dryness, a solution of nicotin passes into the re- 
ceiver. By dissolving the residual matter in water, and again 
distilling, repeating this process several times, the whole of 
the nicotin may be obtained in aqueous solution. This solu- 
tion is colourless; has the peculiar smell of tobacco; and oc- 
casions violent sneezing. Its taste is acrid, and it possesses 
poisonous qualities. Aocseding to Vauquelin it is precipi- 
tated by tincture of galls, and it approaches most nearly in 
its properties to the volatile oils. 

8. Pollenin. The pollen of tulips was ascertained by Bie 
fessor John to contain a peculiar substance, which was at first 
confounded with albumen; but to which he has since given 
the name of pollenin.* It is insoluble in alcohol, ether, wa- 
ter, oil of turpentine, naphtha, carbonated and pure alkalis ; 
and when distilled yields ammonia and an acid liquor. It has 
a yellow colour, and is destitute of taste and smell. By ex- 
posure to the air, it putrefies, and acquires the smell of 
cheese. It is extremely combustible, and burns with great 
rapidity and flame, in consequence of which the pollen of the 
lycopodium clavatum has been often used in theatrical exhibi- 
tions to imitate lightning. 

9. Emetin. There are three different genera of plants that 
are employed under the name of Ipecacuanha; but it is the 
root of a species of cadlicocca, that is directed by the Pharma- 
copceeia of the London College. ‘The cortical part of the 
root has been submitted to a skilful analysis by MM. Ma- 
gendie and Pelletier, who have obtained from it about 14 
per cent. of a peculiar matter, in which the emetic virtue of 
the root exclusively resides, and which they have therefore 
called emetin.+ 

To obtain emetin, powdered ipecacuanha is to be digested 
with sulphuric ether, which removes a portion of fatty matter. 
Alcohol is then to be digested on the remainder; the tincture 
to be evaporated by a water bath; and the dried matter dis- 
solved in cold water, which separates the wax. It is next to 
be macerated on powdered carbonate of baryta, to remove 
the gallic acid; again dissolved in alcohol; and evaporated 


* Thomson’s Annals, vil. 49. + Ib. xi, 422. 
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once more. The emetic principle remains in the form of 
transparent scales of a reddish brown colour. It has scarcely 
any odour; has a slightly acrid and bitter, but not a nauseous 
taste; deliquesces in the atmosphere; is soluble in water and 
in alcohol in all proportions; and is incapable of being crys- 
tallized. It is decomposed by a heat exceeding that of boiling 
water, but gives no ammonia by distillation, which proves 
that nitrogen is not one of its elements. Gallic acid precipi- 
tates it from its solution; but the re-agent that most power- 
fully affects it, is the sub-acetate of lead, which completely 
precipitates it from all its solutions. It appears, therefore, 
that emetin is a substance swt generis, possessing distinct and 
peculiar properties, which are the same from whichsoever of 
the plants, capable of affording it, it may have been obtained. 

10. Sarcocoll. ‘This substance is the spontaneous exudation 
of the Peenea Sarcocolla, a plant which is a native of Ethio- 
pia. It is brought over in small pieces, which are about the 
size of peas, and which are either of a pale red, or yellowish 
white colour. 

Sarcocoll dissolves in the mouth like gum, and has a sweet- 
ish taste, after which there remains an impression of bit- 
terness. It is soluble both in water and alcohol, and a strong 
solution of it forms a mucilage, which may be used for the 
purpose of a cement. Its most remarkable property is, that 
its solution is precipitated by tan, which distinguishes it sufli- 
ciently from gum. The substance most nearly approaching to 
it in chemical characters, is liquorice, the saccharine matter 
of which has a near resemblance to sarcocoll. (See Robiquet, 
Ann. de Chim. Ixxii. and Thomson’s Chemistry, iv. 31.) 

11. Olivile is a name given by M. Pelletier to the substance 
which remains after gently evaporating the alcoholic solution 
of the gum which exudes from the olive tree. It is a white 
brilliant starchy powder, and sometimes it forms flattened 
needles. It has no smell, but its taste is a mixture of bitter 
and sweet with something aromatic. It melts at 158°, and on 
cooling resembles a slightly yellowish transparent resin Cold 
water scarcely acts upon it, but hot water dissolves 1-32d. It 
dissolves readily in alcohol, but not in ether or in volatile oils. 
Nitric acid dissolves it with heat, acquires.a red colour, but 
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becomes yellow on cooling and deposits oxalic acid. Acetate 
of lead precipitates its aqueous solution in flakes which are 
soluble in acetic acid. (Ann. of Phil. xu. 33.) 

12. Medullin is a name given by Dr. John to the pith of 
the sun-flower. (Helianthus Annuus.) It is destitute of 
taste and smell; insoluble in water, ether, alcohol, and oils, 
but soluble in nitric acid, which converts it into oxalic acid ; 
and, when decomposed by destructive distillation, it leaves 
charcoal having a metallic lustre like bronze. (‘Thomson’s 
Chemistry, iv. 180.) 

13. Lupulin. ‘This name has been given by Dr. Ives, not 
to any distinct vegetable principle extracted by chemical 
means, but to an impalpable yellow powder, in which he be- 
lieves the virtue of the hop to reside, and which may be ob- 
tained by beating and sifting the hops used in brewing. 

It appears to be peculiar to the female plant, and is pro- 
bably secreted by the nectaria. In preserving beer from the 
acetous fermentation, and in communicating an agreeable 
flavour to it, lupulin was found to be equivalent to ten times 
its weight of hop leaves. It is itself a compound substance, 
consisting of tan, extract, a bitter principle, wax, resin, and 
lignin. If analyzed by the methods of Pelletier and Caven- 
tou, it is not improbable that an ingredient might be disco- 
vered in the hop of an alkaline nature, in which its narcotic 
virtue would be found to reside. (See Ann. of Phil. N.S. 
i. 194.) 

14. Cathartine. In examining the leaves of Senna, Las- 
saigne and Fenuelle obtained a peculiar substance, to which, on 
account of its acting as a brisk purgative in very small doses, 
they gave the name of cathartine. A strained decoction of 
the Jeaves was precipitated by extract of lead, the precipitate 
washed and diffused through water, and then decomposed by 
sulphureted hydrogen. ‘The liquor was filtered, evaporated 
to dryness, digested in alcohol, and the latter solution evapo- 
rated to dryness also. It. contained acetate of potassa, which 
was decomposed by adding alcohol acidulated with a little 
sulphuric acid; the sulphate of potassa was separated by 
filtering, and the excess of sulphuric acid separated by acetate 
of lead. Sulphureted hydrogen was again passed through 
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the liquid, which, when filtered and again evaporated, gave 
the substance which they have called cathartine. It had a 
reddish colour, a peculiar smell, and a bitter nauseous taste ; 
it dissolved in alcohol and water in all proportions, but was 
insoluble in ether. It became moist by exposure to the air. 
(Ann. de Chim. et Phys. xvi. 16.) 

15. Piperine has been extracted by M. Pelletier from black 
pepper, by digesting it in alcohol, and evaporating the solution, 
which left a fatty resinous matter. This, after being washed 
in warm water, was of a green colour, and had a hot burning 
taste. It dissolved readily in alcohol, and less readily in sul- 
phuric ether, and the solution by heated alcohol, when left 
for some days, deposited a number of small crystals. These 
being purified by repeated solutions and crystallizations, gra- 
dually lost their taste of pepper, which accumulated in the 
uncrystallizable fatty matter. The crystals of piperine were 
four sided prisms ; they were almost tasteless; were insoluble 
in cold and sparingly soluble in hot water; were very soluble 
in alcohol, and less so in ether; soluble in acetic acid, from 
which they separated in feathery crystals. Weak acids did 
not dissolve, and strong acids decomposed them. Sulphuric 
acid acquired, by being heated with them, a blood red colour, 
which disappeared on dilution. They fused at 212°, and, 
when decomposed by peroxide of copper, gave only water and 
carbonic acid. 

In addition to piperine, M. Pelletier detected in pepper an 
acrid fixed oil; a volatile oil; a coloured gummy matter; 
extract, starch, and several other known vegetable principles. 
(Ann. de Chim. et Phys. xvi. $37.) 
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CHAPTER XI. 


RESULT OF THE SPONTANEOUS DECOMPOSITION OF 
VEGETABLE SUBSTANCES. 


SECTION I. 


Vinous Fermentation. 


Tue phenomena and results of the vinous fermentation may 
be accurately examined, by means of an apparatus similar to 
that which is described in Lavoisier’s Elements, part ui. ch. vi. 
A more simple one, however, will sufficiently answer the pur- 
pose. It may consist of a large glass matrass, shaped like fig. 
4, capable of holding 10 or 12 pints. Into the opening of this 
mattrass, one leg of a glass tube, which has been twice bent 
at right angles, or into the form of a syphon, may be fixed by 
means of a perforated cork and cement. ‘The aperture of the 
other leg of the syphon may terminate in a two necked bottle, 
from which a bent glass tube is to proceed, and to be carried 
under the shelf of the pneumatic trough, or (which is better) 
into the receiving-pipe of a gazometer, fig.35, l. The mattrass 
may then be half filled with a solution of sugar in a proper 
quantity of water, or with an infusion of malt; and in either 
case a little yeast must be added. When the vessel is placed 
in a room, the temperature of which is not below 60° Fahr. 
the fermentation soon begins to take place; a brisk motion is 
observed in the liquid; it becomes turbid, and deposits some 
impurities, while a frothy scum rises to the surface. When 
the materials are in large quantity, v7x. sufficient to fill a cask, 
a hissing noise is heard in the liquid, and its bulk increases 
so much, that, if the vessel were full, it soon begins to over- 
flow. At the same time, an immense quantity of gas escapes, 
and passes, through the bent tube, into the receiver, which is 
inverted in the pneumatic trough, or into the gazometer. 
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During the process of fermentation, the liquor preserves a 
higher temperature than that of the surrounding atmosphere: 
After some days, these appearances gradually decline; and, 
if the process has been well conducted, and suspended at the 
proper period, the result is a liquor, not sweet, like that sub- 
mitted to experiment, but having a vinous taste and smell, 
and the intoxicating powers of a fermented liquor. 

When the gas, contained in the gazometer, is examined, it 
is found to be carbonic acid, holding in solution a portion of 
alcohol, which gives it an odour like that of the fermented 
liquor. On submitting the liquor to distillation, we obtain a 
fluid considerably lighter than water, and having a strong 
spirituous taste. 

It is from fermented liquors that all the varieties of spirits, 
known under the names of brandy, rum, spirits of wine, 
arrack, gin, and whisky, are obtained; and they differ from 
each other merely in flavour and strength: essentially, they 
all consist of the same ingredient, which, when deprived 
of the water with which it is combined, is called alcohol. 


ei 
SECTION II. 
Alcohol. 


Ir had been a subject of controversy whether the alcohol, 
obtained by the distillation of wines, and of other fermented 
liquors, exists ready formed in those liquors, or is actually 
generated, in consequence of a new arrangement of the ele- 
ments of the fluid by the increased temperature at which the 
distillation is carried on. ‘The latter opinion was supported 
by Fabroni,* and had gained considerable currency, till it 
was completely set aside by Mr. Brande,t in two memoirs; 
in the first of which it was shown, that the quantity of alcohol 
resulting from the distillation of wine, is neither increased 
nor diminished by a variation of temperature equal to 20 de- 
grees of Fahr.; and in the second, that alcohol may be sepa- 


* Ann, de Chim, xxx, 220. + Phil. Trans, 1811, 1813, 
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rated from fermented liquors, without the intervention of heat, 
by processes in which nothing more can be effected than the 
separation of water. 

Istly. When a solution of acetate of lead (sugar of lead), 
or of subacetate of lead (Goulard’s Extract), is added to wine, 
a dense insoluble precipitate is quickly formed, consisting of a 
compound of the metallic oxide, with the acid and extractive 
colouring matter of the wine. On filtering the fluid, we ob- 
tain a mixture of alcohol, water, and a portion of the acid of 
the metallic salt, provided the latter has not been added in 
excess, in which case a part of the salt remains undecomposed. 
From this liquid, hot and dry subcarbonate of potassa sepa- 
rates the water; and the alcohol floats at the top, forming a 
distinct stratum. By operating on artificial mixtures of alco- 
hol and water, Mr. Brande found that when the alcohol is not 
less than 16 per cent. the quantity, indicated by the subcar- 
bonate, was always within one half part in 100 of the real 
proportion contained in the mixture. “The experiment may 
be performed in a glass tube, from half an inch to two inches 
diameter, accurately graduated into 100 parts. 

2dly. ‘To ascertain in a more simple way the quantity of 
alcohol in any wine, its acid may be saturated with potassa, 
and a given measure then distilled with a gentle heat nearly 
to dryness; the deficient bulk of the distilled liquor being 
made up with distilled water. This mixture is to be shaken, 
and set aside for 24 hours. Its specific gravity will then show 
the quantity of alcohol which the wine contains, and which 
may be immediately seen by referring to Mr. Gilpin’s Table, 
an abstract of which will be given in this section. 

3dly. Gay Lussac* has recommended the substitution of 
very finely powdered litharge for the acetate of lead; and has 
added the important fact, that wine distilled ix vacuo, at the 
temperature of 60° Fahr. affords alcohol ; a convincing proof, 
that the alcohol obtained is merely separated, and not formed, 
by the process ofdistillation. This discovery has been applied to 
practice; and it has been found that spirits, distilled at a low 


* 86 Ann. de Chim. 175. 
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temperature im vacuo, are of superior flavour to those procured 
by a distillation conducted in the ordinary manner 

From an extensive series of experiments, Mr, Brande has 
constructed the following ‘Table: 


Table of the Quantity of Alcohol, of specific gravity .825 at 


60° Fahr. in various Wines, &c. 
3 


Kind of Wine, | Teh a Kind of Wine. ee Measures 
contain contam. 

a —— 

Portaverageof 64!) 423148: |: Palamowine * ini soe. 4.70 

Ditto, bighest: sc05s0s;. 25683), \ Vide Graveyisok fon : 12,80 


Dit ewes a oscars 50) 40) i Et FOMUIONAG wi9.0:509'4, ols ocak Sako 
Miaceira, bignest i... Ze 42. | CO NOt ns os 0 ore os 12.32 
Ditto, 1OWest ..c- . te P0004 | WwOUSSIIOM .. 000. es. LAZO 
Sherry, average of 4,. 17.92 | Cape Madeira....... 18.11 


Ditto, highest ....... 19.83 | Cape Muschat....... 18.25 
Dittolowest-c-edocoas. « 13.25} Gonstanitla:es srs. wes 19.75 
Clapets average of.3 .0. Bodh | Dei « aye ccces sie eee 13.30 
Caleavella, ... <<. re ON OBS eae A ORES B57 
SOO cece eset es wns POS | OV EECU CEs ee aise 6 ona 4. 15.28 
Meare E08. CE TIIG “UNICO occ tee + ae tate EEO 
Boeslladedy at1ys.. 19 16.4979 Pokay reins 5 eis 9.88 
Red Madeira ....... 18.40 | Raisin Wine........ 25.77 
Malmsey Madeira.... 16.40 | Grape Wine........ 18.11 
EES AI 6 ao i ase scguc as 95,62 .\. Currant- Wine as «02055 


DRO oo os os es ee LieeO | MrOOsenerre Vie... 11.84 


Red Champagne ree Eo Pater Vy Wee. «ss 9.87 
White Ditto o: 20. 6 I2BB08 eCider 2. VN PION, IIQ 9.87 
Burgundy ..... pie T ARS) abet d sence’, 3 ssh li DaBZ 
faeces ae Oe sre Ade SS Au AASOMN AS HOVE: js) snqeess | 6.80 


White Hermitage . EU A Be i) ENON Were ene Pes en a's 3 8.88 
Wet WiU0 sooo cna. Paseo DVANG 6.0 6 dees es Jase Bondo) 
Hock . a et et ere TN TOMLIN ore cs Cer e Cen 53.68 
Ditto 972 2683 APSR S88 Yi Rollanids' yy il sg 2. S60 


Some doubt may, perhaps, be excited of the accuracy of 
this Table, by a reference to the comparative intoxicating 
effects of port wine and brandy, the latter of which certainly 
are more than double those of the former. But it is to be 


* Added to the Table from the Quarterly Journal, vii. 388. 
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considered that, in wine, the alcohol is in a state of combina- 
tion with several other ingredients, which must necessarily 
diminish its activity on the animal system. Variations in 
each kind of wine from the above proportions, may, however, 
be expected to arise from the variable purity of the liquors 
that may be the subjects of experiment. In Mr. Brande’s 
analyses, great pains were taken to employ such wines as were 
perfectly unadulterated. 

1. To prepare alcohol, the spirit of wine of the shops may 
be employed. ‘To any quantity contained in a glass vessel, 
the sub-carbonate of potassa, perfectly dry, and heated to 
about 300° Fahr. is to be added; the mixture is to be well 
shaken; the clear liquor decanted; and this is to be repeated 
as long as the alkali is moistened by the spirit. When enough 
has been employed, the next addition will fall to the bottom 
in a perfectly dry state. ‘The dry chloride of calcium (fused 
muriate of lime) may be advantageously used as a substitute 
for alkali. Or it may be employed to strengthen alcohol, 
which has been first concentrated by the mild vegetable alkali; 
but it appears doubtful whether a little ether is not produced 
by its action. Saussure, however, is of opinion that this is 
not the case with alcohol which has been only twice treated 
with chloride of calcium, of which he employed, at two opera- 
tions, first a quantity equal to half the weight of the spirit of 
wine, and secondly an equal weight. When the chloride is 
no longer moistened on being added to the spirit, we may 
conclude that enough has been used. ‘Two distinct strata will 
then be seen in the liquid, the solution of muriate of lime in 
water, at the bottom, and the alcoho] at the top. The latter 
is to be decanted, or drawn off by a syphon, and then sub- 
mitted to distillation at a gentle heat, reserving only the por- 
tions which first pass over. Gay Lussac recommends quick- 
lime or baryta, in preference to muriate of lime; and Dubuc 
advises the use of dry alumina, by which he brought alcohol 
to the specific gravity .817, without any risk of forming ether 
by the process.* It has been found also that spirit of wine 


* 86 Ann. de Chim, 314, 
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of sp. gr. .867, when inclosed in a bladder, and exposed for 
some time to the air, is converted into alcohol of sp. gr. 
0.817, the water only escaping through the coats of the 
bladder. (Quart. Journ. viii. 381.) 

AI. 1. Alcohol is considerably lighter than water. The 
lightest that can be obtained, by simple distillation, from 
spirit of wine, has the specific gravity of .825, distilled water 
at 60° Fahr. being 1. By the intervention of substances 
which strongly attract water, Chaussier brought it to the spe- 
cific gravity of .798; Gay Lussac to 0.79235 at 64°; and 
Lovitz and Saussure, jun. to .791 or .792, at 68° Fahr., = .796 
at 60° Fahr. Alcohol of the specific gravity .820 still con- 
tains, according to Lovitz, about 35th its weight of water, and 
when of specific gravity .917 at 60° Fahr. it consists of equal 
weights of alcohol, specific gravity .796, and water. By 
an act of parliament passed in 1762, the specific gravity 
of proof spirit at 60° was fixed at .916, but .920 may be con- 
sidered as nearer the standard now adopted for proof spirits 
in this country. The term above proof is used to denote a 
spirit lighter than this, and wnder proof one which contains a 
larger proportion of water. Rectified spirit is directed, by 
the London Pharmacopoeia, to have the specific gravity of 
.835, but it is seldom lighter than .840. 

The quantity of alcohol and water, in mixtures of different 
specific gravities, may be learned from Mr. Gilpin’s copious 
tables, of which the following is a brief abstract.* 


* Philosophical Transactions, 1794, or Nicholson’s Journal, 4to. vol.1. 
Mr. Gilpin’s standard alcohol had the specific gravity of .825, and Chaus- 
sier’s of .796. The Tables of Mr. Gilpin are much too long to be inserted 
without abridgment in this work, 


316 DECOMPOSITION OF VEGETABLE SUBSTANCES. 


Table, showing the Specific Gravity of the Mixtures of Alcohol 


and W< ater. 


-Centesimal Parts of 


SPECIFIC GRAVITIES. 


According to |According to Gilpin _ 


the Mixture. Chaussier. (last Table). 
Alcohol ....100 0.7980 0.825 
95 0.8165 0.83887 
50 0.8340 0.85244 
85 0.8485 0.86414 
80 0.8620 0.87606 
75 0.87525 0.88762 
70 0.8880 0.89883 
65 0.9005 0.9094] 
60 0.9120 0.91981 
55 0.9230 0.92961 
50 0.9334 0.93882 
45 0.94265 0.94726 
40 0.9514 0.95493 
30 0.95865 0.96158 
30 0.96535 0.96736 
25 0.97035 0.97239 
ZO 0.97605 0.97723 
15 0.9815 0.98213 
10 0.9866 OISYS 
i) 0.99335 0.99327 
0) 0.99835 1.00000 


CHAP. XI. 


It is on many occasions useful to know the proportion of 
the strongest alcohol that has hitherto been obtained, in 
mixtures of alcohol and water of different specific gravitics. 
This is shown by the following Table, constructed by Lovitz. 
It is founded on a series of experiments in which alcohol of 
of the sp. gr. .791 at 68° was mixed with various proportions 
of water; allowed to stand during 24 hours; and then exa- 
mined for its sp. gr. at the temperature of 68°. The fourth 
column has been added by Dr. Thomson, to express the 
sp. gr. at 60°, the temperature commonly preferred in this 
country. 
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Table of the Strength of Alcohol of various Densities. 


100 Parts. Sp. Gravity. 100 Parts, Sp. Gravity. 


Aleoh. | Wat.| at 68°. at 60°, Alcoh. | Wat.| at 68°, at 60°, 


791 796 59 41 894 898 


100 9) —— 

— 99 1 794 798 58 | 42] 896 900 
98 VmaaaT eo a4 801 57 | 43 | 899 903 
97 3 56 | 441 901 904 
96 4. 
95 5 | 805 809 54 | 46 | 905 908 
94 G6 | 808 812 53 | 47 | 907 910 
93 a Sit 815 52 | 481 909 912 
92 8 | 813 817 bs 40rie ere 915 
91 9.\.. SAG 820 50 | 50] 914 917 


90 | 10] 818 829 
s9 [11] 821 825 
88 | 12 | 823 827 
87 113 | 826 830 
86 | 14] 828 832 
85 | 15 | 831 835 
84 | 16] 834 838 


S00 S04 
803 807 55 ADS 903 906 
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Table continued. 


100 Parts, | Sp. Gravity. 100 Parts. Sp. Gravity. 


Alcoh. | Wat.| at 68°. at 60°, Alcoh. | Wat. | at 68°. at 60°, 


ie | 6 ce | STAD 


18 82,6. 976 g 92 989 
iw 83 O77 4 20 99} 
16 84: 978 6 94 992 
15 85 980 5 95 994: 
14 86 931 As 96 995 
13 87 983 3 97 997 
12 88 985 Z 98 998 
11 89 986 1 a9 999 
10 90 987 —  |100 | 1000 


g oi 988 


2. Alcohol unites chemically with water; and caloric is 
evolved during this union. Equal measures of alcohol and 
water, each at 50° Tahrenheit, give by sudden admixture an 
elevation of nearly 20° of temperature; and equal measures 
of proof spirit and water occasion an increase of 91°. The 
bulk of the resuiting liquid is less also than that of the two 
before admixture. Thus a pint of alcohol and a pint of water, 
when the mixture has cooled to the temperature of the atmos- 
phere, falls considerably short of two pints. 

This diminution of bulk is best shown by a contrivance 
of Dr. Marcet, represented inverted in the annexed sketch. 
It consists of a glass vessel, formed of two spherical 
bulbs connected together, and terminating in a tube 
about 12 inches long, which is hermetically sealed at 
the lower end. ‘The upper bulb has a neck and 
ground stopper. ‘The tube and lower bulb are first to 
be filled with water, and the upper bulb with alcohol. 
The stopper being put into its place, the instrument 
is to be inverted, as shown in the figure; when the 
two fluids will unite; heat will be evolved; and on 
cooling to their original temperature, an empty space 
will be seen in the tube. ‘The same instrument may 
be employed to show the diminution of bulk in sulphu- 
ric acid and other fluids by mixture with water. 

An exception to this law is stated by Thenard 
(Traité de Chim. tli. 309) in alcohol of density 0, 9707; 
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for 5 parts of this alcohol, mixed with 5 of distilled water, 
give a mixture of sp. gr. 0.9835, which is less than the mean 
(0.9854) of the alcohol and water before mixture. Hence, in 
this case, there must have been a dilatation of volume. 

3. Alcohol is extremely volatile, and produces considerable 
cold by its evaporation. When a thermometer, after being im- 
mersed in spirit of wine, is suspended in the air, the quicksilver 
sinks two or three degrees. By repeated dippings and expo- 
sures, and by blowing upon the bulb with a pair of bellows, Dr. 
Cullen caused the thermometer to sink from 44° to below the 
freezing point. It has been found that the degrees of cold, 
produced by the evaporation of spirits, are proportional to 
the strength of the spirits. ‘Thus, if a certain degree of cold 
be produced by water, and another degree by alcohol, a spirit 
of half strength will give a degree of cold just half way be« 
tween the two. (Quart. Jour. x. 187.) 

4. Alcohol is highly inflammable, and burns away with a 
blue flame, without leaving any residuum. The light emitted 
by its combustion is feeble; but considerable heat is evolved, 
and it is employed, therefore, as a source of temperature in a 
variety of chemical processes. During its combustion, car- 
bonic acid is generated; no charcoal appears; and a quantity 
of water is produced which exceeds in weight the alcohol 
employed, in the proportion, according to Saussure, of 132 
parts of water from 100 of alcohol. ‘The flame of alcohol ac- 
quires a red colour from muriate of lime, a deep blood-red 
from the muriate of strontia, and a green tinge from boracic 
acid. : 

5. Alcohol is a fluid which is remarkably expansible by 
heat. Dividing the scale between the freezing and boiling 
points of water into two equal parts, Mr. De Luc has stated 
that alcohol expands 35 parts for the first 90°, and 45 parts 
for the second 90°. The strength of his alcohol, however, is 
described only by the indefinite test of its firmg gunpowder. 
Mr. Dalton found that 1000 parts of alcohol, of the specific 
gravity .817, at 50° Fahrenheit, became 1079 parts at 170°. 
At 110°, half way between the two extremes, the alcohol was 
at 1039, or halfa division below the true mean. The more 
the alcohol is diluted with water, the greater he found the 
disproportion to be between the two parts of the scale. When 
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of the specific gravity .967, answering to 75 per cent. water, 
the ratio of expansion through the first half between 50° and 
170°, was to that through the second half as 35 to 45, which 
is precisely the same as De Luc gives for pure alcohol. In 
reporting these results no account is taken of the expansion 
of the glass vessel, and consequently the real expansions may 
be tonsidered as rather exceeding the apparent ones which 
_ have been stated. 

6. Alcohol, sp. gr. .820, boils at 176°, or in vacuo at 56°. 
When of sp. gr. .800 its boiling point is 173.5. If water be 
added, its boiling point is raised. Alcohol, sp. gr. 0.900, Mr. 
Dalton finds to boil at 182° Fahr., of sp. gr. .850 at 170°. 
In this case, as in others where two volatile liquids are mixed, 
the boiling point is varied, but not proportionably ; for the 
mixture boils nearest the boiling point of that which is most 
volatile. Thus a mixture of equal parts of alcohol of such 
strength as to boil at 170°, and water, ought by the rule of 
proportion to boil at 194°, but in fact it boils at 183°. 

Alcohol of the specific gravity .8152 at 50° I'ahr. gives a 
gas, the density of which is to that of the atmosphere as 1.613 
to 1. According to Berzelius and Dulong, the density of the 
vapour of alcohol is 1.6004. (Aun. de Chim. et Phys. xv. 
395.) Of the forces of vapour of alechol at different tempe- 
ratures, Dr. Ure has given a Table (Phil. Trans. 1818.) 
which will be copied into the Appendix. ‘To become gaseons, 
alcohol absorbs only 0.436, the caloric required to vaporize 
an equal weight of water. 

7. Alcohol has never yet been congealed by any known 
method of producing artificial cold. Mr. Walker, of Oxford, 
found that it continued fluid at — 91° Tahr. Even when diluted 
with an equal weight of water, it requires a cold of 6° below 
0 to congeal it. Mr. Hutton, of kdinburgh, announced, in- 
deed, several years ago,* that he had succeeded in congealing 
alcohol of the sp. gr. .798, but neither a confirmation of the 
fact, nor the details of his process, have yet been published. 

8. Alcohol has no action whatsoever, at common tempera- 
tures, on hydrogen, oxygen, or azotic gases, on atmospheric 
air, nor on carbon or boron. Chlorine decomposes it, muri- 


* Nicholson’s Journal, xxxiv. 166, See also Thomson’s Annals, i, 221, 
and it. 68, 4716 
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atic and carbonic acids being formed ; a matter which has an 
oily appearance precipitates; and some carbon also appears 
in a free state. | 

Alcohol dissolves iodine to a considerable extent ; probably, 
however, not without a partial decomposition and formation 
of hydriodic acid. 

9. Alcohol is a powerful solvent. It dissolves soap 3 vege- 
table extract; sugar; oxalic,:camphoric, tartaric, gallic, and 
benzoic acids; volatile oils; fixed oils, sparingly, except castor 
oil, which it dissolves in considerable quantity; resins, and 
balsams. It combines, also, with sulphur, phosphorus, and 
the pure alkalis; but not with their carbonates, nor, when 
pure, with any of the earths. Of the class of salts with alka- 
line, earthy, and metallic bases, alcohol dissolves some copi- 
ously, others sparingly, and others not at all. The propor- 
tion, in which some of these are taken up, is stated in the fol- 
lowing Table by Wenzel, the principal defect of which is the 
omission of the specific gravity of the alcohol employed. 

Two hundred and forty grains of boiling alcohol dissolve of 


Grains. 
Borate of ammonia oo ss. castes cece 1 
Piuste!.of alumina ee ks aes hee 1 
DIMOU. te cess be eee ee ee 1 


Miuviate Of animenias iP. eee cee ee OT 
LENAG Ai chain ae cine et ek oe Cee 
WUAGIOSIAN. ofc ee cese cesses Lolo 
POTASSA . recesses ereceees 5 

Nitrate of alamina 3400. Boo ee ete 240 
Giimionia Fee ie ete. OES 
meners SHU OE) PE POST Te res 
POH as eyes ct ces + hes OOS 
POCASSA .. seer esrcroeervecnes 5 

—$———— SOdA ec crccccsecsevccscee 23 

Oxalate’ of alumina’ (70850 VN 7 

Tartrate of alana’ s!) SES: by 

LAIMMOUNE ee See ee eee sa eee ec 7 
POtASSA css re csc rvssevesens 1 

Super-tartrate of potassa......e..seeee 7 

—= oxalate of potassa...ceceeseoves i 

YOu. it, ¥ 
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Mr. Kirwan, also, has given us a very useful Table, show- 
ing the power of alcohol at different specific gravities to dis- 
solve several of the neutral salts. The salts were first de- 
prived of their water of crystallization, and were digested, 
during three days, with alcohol, the temperature of which 
never exceeded 80° Fahrenheit. 


100 Grains of Alcohol at 
ES, TiS NG Peek be BS 


.900|.872 | .848 | .834|.817 | 


Gee | emer | ere 


Sulphate of soda........; 0 0 ) 0 
a magnesia . ] l O O 
Nitrate of potassa . cab Sefoll O 


ge dtiue ainesHn cael 2) LILO 6 ed 
Muriate of potassa ......| 4.62/1.66)...., 0.38 
= SOM, v0. 5: <'s wie}: Ds Sy Gs OPE ow sare Oso 
—ammonia ....| 7.5 [4.75 /....) 1.5 
— magnesia ..../21.25)..../23.75 36.25.50 

_ baryta eens ak bol 020-018) BGR 


a crystallized} 1. 56 . .| 0.43) 0.32) 0.06 
Acetate of lime.........| 2.4 |....| 4.12 4.75] 4.88 


© 
So. O-O-O@ 


Some salts, also, when actually dissolved in water, are pre- 
cipitated by the addition of alcohol. This is the case chiefly 
with the sulphates, several of which are precipitated imme- 
diately, while others are not separated without the application 
of heat and a few days’ repose. 

10. Potassium and sodium, when. brought into contact with 
alcohol, rectified as highly as possible, pass to the state of po- 
tassa and soda by absorbing oxygen. At the same time, hy- 
drogen gas is evolved, a ee proof that water, or at least 
its elements, are present in the purest alcohol. 

11. Alcohol, when transmitted through a red-hot copper 
tube, is decomposed. The tube is found lined with a very 
fine light soot resembling lamp-black, and an enormous quan- 
tity of carbureted hydrogen gas is evolved, not less, as appears 
from an experiment of Van Marum, than ten cubic feet, by the 
decomposition of three ounces of alcohol. 

Analysis of Alcohol._—In order to determine the composi- 
tion of alcohol, Lavoisier burned a quantity with very minute 
attention to the products, by means of an apparatus described 
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in his Elements of Chemistry, Part III. ch. viii. sect. 5. The 
weight of alcohol consumed amounted to 93.5 grains, and 
110.32 grains of oxygen were expended in the combustion. 
The water produced amounted to 106.2 grains, and the car- 
bonic acid to 93.8. From the known quantity of carbon in car- 
bonic acid, and of hydrogen in water, Lavoisier inferred that the 
alcohol, on which he operated, but the specific gravity of which 

he has omitted to state, was composed of re 


Caron. SOM ee eee y 28008 
EIVOTOSEN S05. ceva ssw eees + FO 
Water (existing in the alcohol).... 63.6 


100. 

Comparing, then, the composition of alcohol with that of 
sugar, that distinguished philosopher was led to the conclusion 
that, during the vinous fermentation, part of the carbon, by 
uniting with the oxygen of the sugar, passes to the state of 
carbonic acid, and that the remaining carbon, with the hy- 
drogen of the sugar, composes alcohol. If, therefore, it were 
possible to combine carbonic acid and alcohol, sugar ought to 
be regenerated. 

This view of what takes place during the vinous fermenta- 
tion, viz. that its general result is the conversion of sugar into 
alcohol and carbonic acid, is perfectly consistent with subse- 
quent Investigations. But the proportions of the elements both 
of sugar and alcohol, assigned by Lavoisier, have been mate- 
fale changed in consequence of more recent analyses. 

The most elaborate series of experiments on the composition 
of alcohol, is that of Saussure, junior, (Nicholson’s Journal, 
xxi.; or Ann. de Chim. Ixxxix.) He employed several dif- 
ferent methods; but that, on which he placed most reliance, 
was a. careful analysis of the products obtained by transmitting 
alcohol through a red-hot porcelain tube. The general re- 
sults of these experiments was that alcohol, sp. gr. 0. 792 at 68°, 
consists of : 

Carden. <<atate oe s\.n das, aeteolgS 
ORGGOM oe ees Henn ass. gw O48SO 
Hydrogen ...++.eseeeeeeee4 13,70 


eoree 


100. 


ye 2 
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The atomic constitution most nearly agreeing with this 
statement, is the following; and the close coincidence between 
the experimental results, and the numbers in the last column, 
strongly confirms its probability. 


CATO oc 0.5.0 «, & ALODIS 0s 2:ne AS. 9:99.08. aLL 
Oxygen Fe ee | ditto @oeee 8 @eoeeoee#e 34,79 
Hydrogen. iy, 8, ditto -ts.¢ 2 os n° %¢ 4 O44 


23 100. 


Dr. Ure has analyzed alcohol by combustion with peroxide 
of copper, and found it composed of 


Carbon ....., 3 atoms ..,, 18 ....., 46.15 
OXY geCD os 00 ps 2 CIO nae ec 1G 454 ceentbe 
Pivdragen o55.5 CIO. 254 Bsa e080 daeoe 


39 100. 


Hisalcohol, however, had the sp. gr. 0.812, and must there- 
fore have contained 6 per cent.of water. Excluding this, 100 
parts of sp. gr. .792, must have been composed of 


Carbon e@geeeoeeeet eeeeoeeete @beee @ 49.10 
ORV ECR Soc oy ts eee cee tec cat 
Hydrogen eeveeeveeeeree ee eee 14.09 


100. 


We may consider, then, the accuracy of Saussure’s experi- 
ments as standing unimpeached, and the most probable con- 
stitution of alcohol to be 2 atoms ofcarbon, + 1 of oxygen, 
+ 3ofhydrogen. But in order to compare its composition 
with that of ether, it will be found more convenient to double 
these numbers, and to consider alcohol as represented by 


Carbon .i.sececes 4 atoms 2459.55. 24 
OSV BOM». seas a swieieis at MMBUO) Ox a adieats hae 
Hydrogen... 00000 G ditto ie. 6 


—— 


4:6 


The two atoms of oxygen are probably associated with two 
atoms of hydrogen, composing two atoms of water; and the 
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remaining four atoms of hydrogen with four atoms of carbon, 
forming four atoms of olefiant gas. We may consider alcohol, 
then, as constituted of 


Il 


Olefiant gas .... 4 atoms .... 7 x 4 = 28 .... 100. 
Aqueous vapour. 2 ditto .... 9 x 2=18 .... 64.29 


Weight of the atom of alcohol........++ 46 
And 100 parts by weight of alcohol, consist of 


Willems G Gao. y srs 6 ete. s bors ee as 60.87 
AQUEOUS VAPOUL .eerccecerersvee JIMS 


100. 


To examine the coincidence of these results with Gay Lus- 
sac’s theory of combination by volumes, we have only to divide 
the actual weights of the olefiant gas and aqueous vapour pre- 
sent in alcohol by their respective densities, which gives their 
-_ volumes. Thus, 


100. +.9722 (density of olefiant gas) = 102.75 vols. 
64.29 + .675 (density of aq. vapour) = 102.86 vols. 


Hence it appears that alcohol is constituted of 102.75 vo- 
lumes of olefiant gas, + 102.86 volumes of aqueous vapour. 
These proportions approach so very nearly to equality, that 
we may admit alcohol to consist of precisely equal volumes of 
olefiant gas and aqueous vapour. ‘To determine the state of 
condensation in which these elements exist, it is necessary to 
compare the density of the vapour of alcohol, as determined 
by experiment, with that which would result from theory. 
Now the density of the vapour of alcohol, ascertained by Gay 
Lussac’s experiments, is 1.613; and on the supposition that 
the condensation of the elements of alcohol is half the sum 
of their united volumes, we obtain .9722 + .625 = 1.599; 
which is a coincidence as near as can be expected in such 
a case. 

In order to understand the theory of the production of al- 
cohol, which has been proposed by Gay Lussac, it is necessary 
to recapitulate the results of the analysis of sugar, made by 
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that philosopher in conjunction with Thenard. Its composi- 
tion is as follows: 


CTO ii id). s)s's ein. 4 ois Biers wie 4247 
Oxygen and hydrogen in the propor- 
} 57.58 
tions required to form water ....... 


Or of 102 volumes of gaseous carbon + 92 volumes of aqueous 
vapour. 

But if we suppose that sugar is composed of 40 parts by 
weight of charcoal and 60 of water, and convert these weights 
into volumes, it will then consist of 


1 volume of charcoal in vapour, 
1 volume of aqueous vapour, 

or of 
1 volume of charcoal in vapour, 
1 volume of hydrogen, 
4a volume of oxygen. 


But alcohol, it has been already stated, is constituted of 


2 vols. vapour of charcoal, 
2 vols. hydrogen, 

1 vol. hydrogen, 

4+ vol. oxygen, 


1 vol. of olefiant gas = { 


1 vol. aqueous vapour = { 


or 
2 vols. vapour of charcoal, 
Alcohol = ‘2 vols. hydrogen, 


+a volume of oxygen. 


And tripling the numbers representing the elements of sugar, 
in order to equalize the hydrogen of both, 


3 vols. hydrogen, 


3 vols. vapour of charcoal, 
Sugar t° 
half volumes of oxygen. 


Comparing, then, the composition of sugar with that of 
alcohol, it follows that to transform the former into the latter, 
we must remove 


1 vol. of the vapour of charcoal, 
1 vol. of oxygen gas, 


SECT, IIT. ETHER. 327 


which, by combining, form 1 volume of carbonic acid. Re- 
ducing these volumes to weights, 100 pounds of sugar should 
afford 51.34 of alcohol and 48.66 of carbonic acid.* 

By distillation with the more powerful acids, alcohol under- 
goes an important change. It is converted into a liquid con- 
siderably lighter than alcohol, and much more volatile and 
inflammable, and miscible only in small proportion with water. 
This fluid has received the generic name of ETHER; and the 
peculiar varieties are distinguished by adding the name of the 
acid, by the intervention of which they have been prepared. 


i 


SECTION IIL. 
Either. 


I. ‘To prepare sulphuric ether, pour into a retort any quan- 
tity of alcohol, and add, at intervals sufficient to allow the 
mixture to cool after each addition, an equal weight of con- 
centrated sulphuric acid, agitating them together each time, 
and taking care that the temperature of the mixture does not 
rise above 120° Fahrenheit. Let the retort be placed in a 
sand-bath previously heated to 200°, and be connected, by 
means of an adopter, with a tubulated receiver. ‘To the 
tubulure of the receiver, a glass tube, twice bent at right 
angles, may be luted; and its aperture be immersed in a cup- 
fal of water or mercury. The condensible vapour is thus 
confined; while the gases that are produced are allowed to 
escape. The receiver and adopter should be kept cool by the 
application of ice or of moistened cloths. As soon as the 
materials begin to boil, ether is produced, and passes over 
into the receiver. The ebullition is to be continued, till white 
vapours appear in the retort, or a smeil of sulphurous acid is 
perceived; and the receiver is then to be removed. The 
liquor, which it contains, will probably have the sp. gr. .78 or 
.79, and will emit a smell of sulphurous acid. ‘To purify it, a 


* Gay Lussac, 95 Ann, de Chim, $11. 
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small quantity of black oxide of manganese may be added, and 
the mixture may be kept in a bottle about 24 hours, agitating 
it occasionally. The clear liquid is then to be decanted, and 
distilled in a water bath, till one half has come over; the sp. 
gr. of which should be at most .75. This is to be preserved in 
a well-closed phial. Its weight will be, to that of the alcohol 
employed, as about 1 to 3. It may be further purified, and 
rendered specifically lighter, by the action of water, applied in 
a manner which will presently be described. 

If, when the ether ceases to be formed, the receiver be re- 
moved, and the heat still continued, sulphurous acid is pro- 
duced abundantly, and a yellowish liquor, very different from 
ether, distils over. This may be mixed with a small quantity 
of liquid potassa to correct the sulphurous smell, and then 
submitted to a heat sufficient to drive off the small proportion 
of ether. The oil of wine remains swimming on the watery 
liquid. 

II. Nitric ether may be prepared as follows. 'To two pints 
of alcohol, contained in a glass retort, add, by degrees, half 
a pound of nitric acid; and, after each addition, cool the ma- 
terials, by setting the retort in a vessel of cold water. Distil 
the mixture by a very cautiously regulated heat, till about a 
pint and a half have come over. In this state the ether is far 
from being pure, and must be redistilled, with the addition of 
pure potassa, preserving only the first half or three-fourths 
that come over. 

Z. ‘Thenard prepared nitric ether by the following process : 
Into a retort, he put equal parts (about 16 oz. of each) of 
alcohol and nitric acid; and adapted to it in succession, by 
means of glass. tubes, five tall bottles, half filled with a satu- 
rated solution of muriate of soda. In the last was a bent 
tube, opening under a jar, to receive the gaseous products. 
The bottles were surrounded by a mixture of pounded ice and 
salt, which was stirred occasionally. ‘To commence the opera- 
tion, a little fire was applied, but it soon became necessary to 
extinguish it, and to cool the retort. On the surface of the 
saline solution, in each of the bottles, was found, after the pro- 
cess was concluded, a yellowish liquid, equal in weight to about 
half the alcohol employed. That in the first bottle was im- 
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pure; but the remaining four contained nitric ether free from 
admixture. 

8. By the distillation of crystallized nitrate of lead, a yellow 
coloured liquid is obtained, which is nitrous acid, nearly, if 
not entirely, free from water. When pure alcohol and this 
fluid are mixed together by a little at a time, to obviate as 
much as possible she violent heat which is evolved, nitric ether 
is formed at once; and this is, perhaps, the best way of pre- 
paring it. (Ann. of Phil? xvi. 82.) * 

4. Bouillon Lagrange has proposed the following process : 
Mix together in a mattrass equal weights of alcohol and nitric 
acid. Saturate this mixture when cold with nitrous gas pro- 
duced in the usual way. ‘To the mattrass are to be luted a 
series of Woulfe’s bottles, each half filled with a saturated so- 
lution of common salt. The mixture gradually becomes hot, 
and after some time even boils. At this time the Woulfe’s 
bottles must be surrounded by a freezing mixture. All the 
nitric ether, amounting to 3 ounces from 8 ounces of alcohol, 
will be found floating on the surface of the solution in the se- 
cond bottle. (Ditto. ) 

Nitric ether, prepared by any of these processes, has a yel- 
lowish colour, a strong etherial odour, and is specifically lighter 
than water, but heavier than alcohol. It dissolves in the latter 
fluid, but requires for solution 48 parts of water. It reddens 
litmus; and though this property may be destroyed by a little 
lime, yet the ether soon becomes acid again by keeping. It is 
highly combustible; and much more volatile than the best sul- 
phuric ether; for at 70° Fahr. it produces a vapour of 30 
inches force. It is composed, in 100 parts, of 14.49 azote, 
28.45 carbon, 48.52 oxygen, and 8.54 hydrogen.* 

III. To prepare muriatic ether, add, to a mixture of 8 parts 
of manganese and 24 of muriate of soda, in a retort, 12 parts 
of sulphuric acid, previously mixed, with the necessary cau- 
tion, with 8 of alcohol, and proceed to distillation. The ether, 
thus obtained, requires to be rectified by a second distillation 
from potassa; and is still liable to be contaminated with sul- 


* Nicholson’s Journal, xviii, 144. 
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phuric ether. A more certain process, which is not, however, 
unaccompanied with some difficulty, consists in passing chlo- 
rine gas through alcohol. According to Klaproth, this kind 
of ether may, also, be safely and effectually prepared by dis- 
tilling equal weights of alcohol and chloride of tin. ‘The dis- 
tilled liquid is to be rectified by a second distillation with 
caustic potassa. An improved mode of preparing this ether, 
and an account of its properties, by Thenard, may be found in 
Nicholson’s Journal, xviii. 177, or in the Philosophical Maga- 
zine, Xxx. 101. Its nature has been a subject of doubt. 
Boullay considers it as a compound of muriatic acid and al- 
cohol; but Robiquet and Colin, with greater probability, re- 
gard it as a compound of olefiant gas with muriatic acid. This 
view is confirmed by the observation of Ampére, that the density 
of muriatic ether is precisely that of muriatic acid gas + the 
density of olefiant gas. It should consist, therefore, of equal 
volumes of these two gases, united without any condensation. 

The properties of muriatic ether differ from those of sul- 
phuric ether. It passes, at or below 70°, to the state of a va- 
pour, the sp. gr. of which is 2.2190 (Thomson), air being 1; 
in a liquid state its sp. gr. at 40° is to that of water as .870 to 
1. It dissolves in an equal volume of water, and the solution 
has a sweetish taste mixed with that of peppermint. It does 
not redden vegetable blues, nor precipitate nitrate of silver, or 
pro-nitrate of mercury. It is extremely inflammable, and the 
odour of muriatic acid is developed by its combustion. 

IV. Chloric ether may be formed by causing a current of 
‘ olefiant gas, and another of chlorine, to meet in a glass bal- 
loon, taking care that the first mentioned gas is somewhat in 
excess. An oily fluid condenses, which may be purified by 
first washing it with a little water, and then distilling it from 
fused muriate of lime. It is limpid and colourless, and its 
smell and taste are both rather agreeable. Its specific gravity 
is 1.2201; its boiling point 152° Fahrenheit; its vapour, at 
49° Fahrenheit, supports a column of mercury 24.66 inches 
high ; and the specific gravity of this vapour is 3.4434, air 
being 1. It burns with a green flame, giving out a smell of 
muriatic acid and much soot. It is composed of 100 chlorine 


SECT. ill. ETHER, 331 


+ 38.88 olefiant gas; and hence it may be inferred to consist 
of one atom of chlorine and two atoms of olefiant gas.* 

V. Phosphoric ether may be obtained, by distilling a mix- 
ture of thick tenacious phosphoric acid and alcohol. The 
first product is a portion of unchanged alcohol. After this, 
a liquid passes over, which has an ethereal smell, and a spe- 
cific gravity inferior to that of alcohol. It is very volatile; 
requires for solution eight or ten parts of water; boils at 100; 
and burns with a white flame, without leaving any trace of 
acid.+ 

VI. Fluoric ether has been obtained by distilling, in a leaden 
retort, a mixture of equal parts of fluate of lime, sulphuric 
acid, and alcohol. ‘The product of this distillation was again 
distilled till one half had come over, to which potassa was 
added. ‘This precipitated so much silex, as to gelatinate the 
whole mass, which, on being again distilled, gave a light 
ethereal liquid of the specific gravity .720.} 

VIL. Fluoboric Ether.—When a current of fluoboric gas is 
passed into alcohol, the latter acquires an ethereal odour, and 
emits fumes. The liquid rectified first from potassa, and af- 
terwards from chloride of calcium, is analogous to sulphuric 
ether, burns like it, and without acid fumes. Its specific gra- 
vity is 0.75, when not purified by washing with water. As it 
does not essentially contain any of the acid employed in form- 
ing it, it may be ranked with those produced by sulphuric, 
phosphoric, and arsenic acids. Its formation appears to be 
owing to the affinity of fluoboric acid for water. It is not ac- 
companied by the production of sweet oil of wine, as in the 
case of sulphuric ether. 

VIII. Hydriodic ether was first prepared by Gay Lussac by 
the distillation of equal volumes of alcohol and of hydriodic 
acid, sp. gr. 1.700. ‘This ether does not redden litmus; its 

sp. gr. at 72° Fahr. is 1.9206; it boils at 148°, but cannot be 


* Thomson, Werner. Trans. vol. i.; and Robiquet and Colin, Ann. de 
Chim. et Phys. i. and ul. 

+ See Boullay, Ann. de Chim. Ixii. 192. 

+ Nicholson’s Journal, viii. 143. 
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set on fire by bringing an inflamed body near its surface. 
By keeping, it acquires in afew days a rose colour from the 
disengagement of a little iodine. 

IX. Acetic ether may be formed by repeatedly distilling 
concentrated acetic acid (procured from acetate of copper) 
with alcohol, and returning the distilled liquor to the charge 
in the retort. The ether, thus produced, may be freed from a 
redundance of acid, by distillation with a small quantity of 
potassa. It is heavier than other ethers, its specific gravity 
being .866. It is volatile; boils at 128°, and burns with a 
yellowish white flame. During combustion, acetic acid 
is developed, though none can be discovered in the ether 
before. 

This process has been repeated, with considerable attention, 
by Mr. Chenevix. By repeatedly distilling to dryness a mix~- 
ture of ten parts of alcohol with ten parts of acetic acid, he 
ascertained that no change in the specific gravity of the product 
took place after the first distillation. Seven twelfths of the 
acetic acid were decomposed. Dry carbonate of potassa, added 
in sufficient quantity to absorb all the water, gave a quantity 
of ethereal liquor, which weighed 7.4 parts, and had the specific 
gravity of 8.621.* 

X. Ethers from benzoic, malic, oxalic, citric, and tartaric 
acids, have also been prepared, but not without the intervention 
of a mineral acid, which renders their existence as distinct 
kinds of ether somewhat uncertain. 


Properties of Sulphurie Ether. 


1. It is extremely light, having the specific gravity of .730, 
or, according to Lovitz, even of .632. 

The specific gravity of ether, as found in the shops, is seldom 
less than .750. It is in fact a mixture of ether and alcohol. 
The following Table has been constructed by Mr. Dalton from 
direct experiments on mixtures of ether, sp. gr. .720, with al- 
cohol of sp. gr. .830. 


* Ann. de Chim. lxix,45. See also Thenard on the Action of Vegetable 
Acids on Alcohol, Mem. d’Arcueil, il. 5, or 37 Phil. Mag. 216. 
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Table of the Specific Gravities of Mixtures of Ether and 


Alcohol. 

Ether. Alcohol. Sp. Gr. 
Wee On err ot. es. 0720 
OO Nae ea roy ere ens Ob! 
SO Oe Se ee ete a 
MO SO SO ee ee 
7 ie Ciale * 7 BAe eee Ue aA 751 
60 6G ee OS a) CO 
BO EV OU sce eee cease eT 
BB ee Or ee eh eC 80s 
BOA BO a RP? Re gore 
Ho Sgn ee, ee Reena rege 
Oe OG rts. VEE 8 VITO REG 


From this Table, it should appear that the rectified ether 
of the shops, sp. gr.0.750, contains about 25 per cent. by weight 
of alcohol, and the unrectified ether from 55 to 60 of alcohol, 
the ethereal portion having the sp. gr. .720. 

2. It has been observed by Girard, that ether escapes 
through a capillary tube with much greater velocity than 
either water or alcohol, the relative times, for equal quantities 
of each fluid, being 101 seconds for ether, 349 for water, and 
856 for alcohol. The comparative heights, to which these 
three fluids rose in the same capillary tube, were found to be 
nearly 6 for ether, 9 for alcohol, and 13 for water.* 

3. Ether does not, like alcohol, combine in a considerable 
proportion with water; and when the two fluids are shaken 
together, they mostly separate again on standing. Water, 
however, retains about one tenth its weight of ether; and ac- 
quires an odour which is much the same as that of ether itself. 
By repeated agitation with water, ether is deprived of most of 
the alcohol which it contains, is brought to a high degree of 
purity, and acquires the property of dissolving caoutchouc. 

The process of washing ether, as performed in presence of 
Faujas de St. Fond, by Mr. Winch of London, is described 
by the former as follows: Let a pint of good sulphuric ether 


————. 


* 6 Ann, de Chim. et Phys. 239. 
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be put into a bottle (or, in preference, into the separator, plate 
i. fig. 3), along with two pints of water; agitate the two liquids 
repeatedly together; then let them stand till the ether has 
risen to the surface; and draw off the water through the lower 
cock , leaving the ether in the vessel. Repeat this process 
three or four times, or till scarcely one-third of the ether re- 
mains; and decant the residue into a well-stopped phial. In 
this ether elastic gum, cut into thin slips, soon begins to swell ; 
but its action is slow; and about the end of five days, the so- 
lution is completed. The method of forming tubes, &c., with 
this solution, is described in the first volume of Faujas de St. 
Fond’s Travels in England, chap. i. 

4. Ether is extremely volatile. A few drops, poured on the 
hand, evaporate instantly ; and produce a sense of great cold. 
By pouring a small stream of ether, from a capillary tube, on 
a thermometer bulb filled with water, the water may be frozen, 
even in a warm summer atmosphere. Under the pressure of 
the atmosphere, ether of sp. gr. .720 boils at 96 or 98° Fahr., 
and in vacuo at 20 degrees below 0. Two ounce measures, 
when converted into gas at the temperature of 722° Fahrenheit, 
fill the space of a cubic foot.* According to Gay Lussac, ether 
produces a gas, the density of which is to that of air as 2.586 
to 1. Berzelius and Dulong state its density to be 2.5808. 

The force of the vapour of ether may be beautifully shown by 
letting up a drop or two of sulphuric ether into the vacuum of a 
common barometer, when it will instantly depress the mercury 
several inches, more or less, according to the temperature. It 
is easy to know in this way what force the vapour of ether 
will at any time acquire in air, since its force is always just 
the same in air as in a vacuum at a given temperature. Sup- 
pose its force in vacuo, when the barometer stands at 30, to be 


e 380 
10 inches, then = 


Baa tse 5 that is, if ether be passed up 


into air under those circumstances, it will in due time increase 
the volume of air 50 per cent. This, however, is true only of 
pure ether, for if impure ether be passed through water, it is 
improved in quality, though diminished in quantity. (Dalton.) 


_ * Saussure, jun. 
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When gases, mingled with the vapour of ether, are confined 
by dry mercury, they may be kept over it without sustaining 
any loss. But they cannot be kept over alcohol without sus- 
taining a rapid loss of ethereal vapour. Over water, there is 
a loss also, but much less rapid. 

The force of the vapour of ether at different temperatures 
has been investigated by Mr. Dalton and by Dr. Ure, but the 
results of the latter are objectionable, on account of the impu- 
rity of the ether which he employed. Mr. Dalton has given 
the following ‘Table, showing the force of ethereal vapour at a 
few temperatures: | 


Temperatures Force of 
in degrees of Fahr. Ethereal Vapour. 


OG caveats ane Mead ade adi es “EO OC eS 
CE ee aes eee clos 
OG wate are crore eiahocahe ene ene St8™ BO 
7 at rs eae ee Geass sia Gh SRO 
1S Nectar ATER Bece/ ala neater, tele Sergent) 49 
Da aie tole eee als ee 


The experiments, on which the foregoing Table is founded: 
were not carried further than 212°, but as that temperature 
gives a force of 207 or 209 inches, the force at 220 may be in- 
ferred to be 240. | 

The boiling point of mixtures of ether and alcohol, Mr. Dal- 
ton found, may be made to vary from 96° to 170°; but we 
cannot, from the proportions of any mixture, infer what will be 
the boiling point, which is always much nearer that of ether 
than the proportions would indicate. 

5. A mixture of sulphuric and muriatic ethers evaporates 
instantaneously, and produces a degree of cold considerably 
below 0 of Fahrenheit. 

6. Sulphuric ether assumes a solid form, by reducing its 
temperature to — 46° of Fahrenheit. 

7. Ether is alike converted into a gas, either by raising its 
temperature, or diminishing the pressure of the atmosphere on 
its surface. ‘The experiments proving this have already been 
described, vol. i. p. 120. 
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8. Ether does not dissolve the fixed alkalis, but it combines 
with ammonia. 

9. It dissolves essential oils and resins, and takes up about 
a twentieth of its weight of sulphur, which is deposited as the 
ether volatilizes. Ether dissolves, also, a small portion of 
phosphorus, and the solution, when poured on the surface of 
warm water in the dark, emits a lambent blue flame. 

10. The slow combustion of the vapour of ether is best 
shown by passing a few drops into a receiver furnished with a 
brass cap and stop-cock, to which a small pipe is screwed, and 
inverted in water of the temperature of 100°. The receiver will 
be filled with the gas of ether, which may be expelled through 
the pipe and set on fire. It burns with a beautiful deep blue 
flame. 

11. When ether is previously mixed with oxygen gas, it 
detonates loudly. Into a strong two-ounce phial, filled with 
oxygen gas, and wrapped round with a cloth, to secure the 
hand from injary, let fall a drop of ether. On applying the 
flame of a candle,’ a violent detonation will ensue. Or toa 
portion of oxygen gas, contained in the detonating tube, fig. 
28, pass up a drop or two of ether. The volume of the gas at 
temperatures from 60° to 70°, will be about doubled; below 
those temperatures it is less than doubled ; and above more than 
doubled. If doubled, or upwards, an electric spark will pro- 
bably not occasion an explosion, owing to the excess of ethereal 
vapour. ‘I’o produce acomplete combustion, the ether vapour 
should be only from 3 to 10 per cent. of the volume of oxygen, 
and the residue in that case consists of oxygen only. Ten 
volumes of ether vapour produce, according to Mr. Dalton, 40 
volumes of carbonic acid, and consume 60 of oxygen. Atmo- 
spheric air does not form a combustible mixture, if the vapour 
exceed 5 per cent. and it rarely explodes with less than 2 


per cent. * 


The vapour of ether explodes also with chlorine, as is 
shown by the following experiment, described by Mr. Cruick- 
shank. (Nicholson’s Journal, 4to. v. 205.) Fill a bottle of the 
capacity of three or four pints, with chlorine gas, taking care 
to expel the water as completely as possible. ‘Then throw into 
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it about a dram or a dram and a half of good ether, covering 
its mouth immediately with a piece of light wood or paper. 
In a few seconds white vapour will be seen moving circularly 
in the bottle, and this will soon be followed by an explosion; 
accompanied with flame. At the same time a considerable 
quantity of carbon will be deposited, and the bottle will be 
found to contain carbonic acid gas. 

12. Sulphuric ether was first observed by M. Planche to 
undergo a spontaneous change when kept in a vessel not en- 
tirely full, and frequently opened and exposed to the light. 
By this exposure ether becomes acid in consequence of the 
production of vinegar, and loses somewhat of its sweet odour 
and its volatility.* This observation has been confirmed by 
Gay Lussac,~ who found that ether, which had been very 
attentively purified, so that its boiling point did not exceed 
96° Fahrenheit, nor its density 0.7119, and which had no 
action on turnsole, acquired this last property by keeping, and 
at the same time became specifically heavier and less volatile. 
When a part of the ether thus altered was distilled off, the 
residue evidently contained both acetic and sulphuric ether, 
and a peculiar kind of oil, which Gay Lussac thinks it proba- 
ble exists in all ether, since that fluid, even when recently 
and skilfully prepared, leaves an evident spot on the glass on 
which a few drops are put to evaporate. 

13. During his investigations on flame, Sir H. Davy dis- 
covered that when a piece of fine platinum wire is heated and 
placed over the surface of ether in an open glass, a pale lam- 
bent flame plays around it, the wire becoming red, and even 
white hot, and frequently inflaming the ether. At the same 
time, peculiarly pungent fumes arise, the production of which 
takes place at all temperatures, from a heat rather above the 
boiling point of mercury, until the ether is inflamed. These 
vapours are extremely acrid and pungent; they resemble 
chlorine in smell; and affect the eyes in a manner similar to 
the compound of chlorine and nitrogen. Their nature was 
examined by Mr. Faraday.{ By passing considerable quan- 
tities of a mixture of atmospheric air and ether through a 


* Ann. de Chim. et Phys. ii. 218. Ibid, a. 98. 
+ Journal of Science, &c, ill. 77. 


VOL, If, : 4 


338 DECOMPOSITION OF VEGETABLE SUBSTANCES. CHAP. XI. 


heated glass tube, containing platinum in wire and leaf, he 
obtained.a clear and colourless liquor, of a slightly acid taste 
and strong irritating smell. It reddened litmus paper, as did, 
also, its vapour. When heated it was quickly dissipated, 
leaving on the capsule a slight coally mark. It united to 
ammonia, and formed a neutral salt, which, by careful evapo- 
ration, might be obtained solid, but was volatile, even at tem- 
peratures below boiling water, producing a peculiar fetid 
smell, It united with potassa, and formed a salt, from which 
the acid was expelled by heat alone. The acid solution ex- 
pelled carbonic acid from all the alkaline carbonates; and 
salts were obtained, from which the acid was again expelled 
by all the stronger acids. Mr. Daniell, also, having collected 
more than a pint and a half of this acid liquor, investigated 
its properties, and at first concluded that it was a new acid, 
which formed a distinct set of compounds with bases. He 
gave it, therefore, the name of lampic acid ; and its compounds 
that of lampates. (Quart. Journ. vi.) Having since, however, 
been induced, by the close approach of its equivalent number 
to that of acetic acid, to resume its examination, he now finds 
that the acid, formed during the slow combustion of ether, is 
merely the acetic, holding in solution some compound of car- 
bon and hydrogen, which differs both from ether and alcohol. 
(Quart. Journ. xii.) It is to the presence of this compound 
that lampic acid owes its property of precipitating gold, pla- 
tinum, silver, and mercury, from their solutions in a metallic 
state; and of affording salts, which, in their forms and proper- 
ties, differ somewhat from acetates formed with similar bases. 


Composition of Sulphuric Ether. 


By following the same processes as those which have been 
already described in speaking of alcohol, and, also, by the 
rapid combustion of ether with oxygen gas, Saussure found 
that 100 parts of sulphuric ether, of specific gravity 0.7155 at 
68° Fahrenheit, contain 


Carbon. 3... 678 
ORY ON -05 in in eon gpanenee 
Biydrogen .....44 ieee 14.40 


100. 
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The excess of hydrogen, above what is necessary to form 
water with 17.62 parts of oxygen, is 12.07 parts, which, when 
added to the carbon (12.07 + 67.98) give 80.05 for the olefiant 
gas in 100 parts of ether. ‘The remainder 19.95 parts are 
water. Ether, therefore, should be constituted of 5 atoms of 
olefiant gas, and 1 atom of water; or of 6 atoms of hydrogen, 
5 of charcoal, and 1 of oxygen. 

Dr. Ure has analysed ether, sp. gr. .700, by igniting it with 
peroxide of copper, and finds it to consist of 


Carbon:...... 3 atoms. . 27 oS. ds «3 G60.00 
Oop ee Mics. oe EEO. cia ci = Siig veh e LELEE 
Bisdrocen’.... 4:ditto os. 04 4 Ga4 1884 


30. 100. 


On comparing the analytical results of Saussure, with the 
theory of volumes, Gay Lussac remarked that the coincidence 
was not so near as in the case of alcohol; for ether, according 
to that analysis, should consist of 


Olefiant gas .......... 102.49 volumes. 
Aqueous vapour ...... 40. — ditto. 


But the density of the vapour of ether was found by expe- 
riment to be 2.581; and if we suppose it to be constituted of 
i00 volumes of olefiant gas and 50 volumes of aqueous va- 
pour, or of two volumes of the former and one of the latter, 
and that the condensation is two thirds of their united volume, 
we obtain 2.5694 for its density, calculated from its assumed 
composition. This would lead to the following view of the 
constitution of ether, which is probably the true one: 


Oleflant'gas...... 4-‘atoms’)... 7x’ 4' == 28 
Aqueous vapour ..°1 dittO. ec .s cee ee 9 


37 

| Or, . 
Carbon. sccds «+ 4 AHO cas 24 eo @e8 8 64.86 
Osyeen assess AGING .c56 8.456 2162 
TIGOVOCC coi 5 GINO 265s (BD ven 18.52 


37 100. 
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Contrasting, then, the composition of alcohol and that of 
ether, it will be easy to perceive what takes place when the 
former is converted into the latter. 


Alcohol consists of Ether consists of 


Olefiant gas ...... 4 atoms | Olefiant gas ...... 4 atoms. 
Aqueous vapour... 2 ditto | Aqueous vapour... 1 atom 


Or, in volumes, In volumes, 
Olefiant gas.... 4 volumes | Olefiant gas.... 4 volumes 
Aqueous vapour 4 ditto Aqueous vapour 2 ditto 


To change alcohol into ether, all that is necessary is to take 
away one atom, or two volumes, of aqueous vapour; and in 
this removal of one half the water, which forms an element 
of alcohol, it seems to be universally agreed that etherification 
consists, even among those who differ as to the precise number 
of atoms constituting those fluids. If then the conversion 
could be made without any loss, 46 parts of absolute alcohol 
should give 37 parts of ether, or 100 parts by weight of alco- 
hol should give very nearly 80+ of ether, a proportion which, 
owing to a variety of causes, can never be obtained in prac- 
tice. 

When we act upon alcohol with a proportion of sulphuric 
acid sufficient to take away the whole of the water, we obtain 
little or no ether. Olefiant gas is in this case the principal pro- 
duct, mixed, however, with some sulphurous and carbonic 
acid gases, which are formed by the too energetic action of 
the sulphuric acid on the carbon of the alcohol. We can at 
_pleasure then convert alcohol either into ether or olefiant 
gas, though neither of those products is wholly unaccom- 
panied by others, resulting from a still farther decomposition 
of that fluid into its ultimate elements. 
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SECTION IV. 
Acetous and Acetic Acids. 


.THEsE names were applied, by the framers of the new 
chemical nomenclature, to denote what were supposed to be 
two distinct acids, common vinegar purified by distillation 
being termed the acetous, and the highly concentrated acid, 
formerly called radical vinegar, being denominated acetic. To 
account for the superior strength of the latter, it was supposed 
to contain a larger proportion of oxygen, derived from the 
metallic oxide, from which acetous acid is generally distilled 
when converted into acetic. ‘The experiments of Adet were 
the first that threw any doubt upon this conclusion; and 
though they appeared to be contradicted by the subsequent 
ones of Chaptal and Dabit, yet they afterwards received the 
fullest confirmation from the researches of Darracq. The 
last mentioned chemist succeeded in converting common dis- 
tilled into radical vinegar, under circumstances where no far- 
ther oxygenation of the acid could possibly be effected, viz. 
by repeated distillation from fused chloride of calcium ; which 
can only act by abstracting water. Both terms, however, 
may be retained for the sake of brevity: the acetous acid de- 
noting the weak acid obtained by fermentation; and the 
acetic, the acid in its concentrated state. 

Acetous acid may be procured by exposing in casks partly 
filled, and open to the atmosphere, at. a temperature between 
75° and 90° of Fahr. the liquor which has been obtained, by 
the vinous fermentation, from malt, sugar, or other substances, 
. The liquor soon becomes warm; a number of ropy filaments 
appear; and after several weeks, it will be found to have ac- 
quired an acid taste and smell. Little or no gas is evolved; but, 
on the contrary, an absorption of oxygen takes place. There 
is an essential difference, therefore, between the circumstances 
attending the vinous and acetous fermentations. The latter 
requires the access of air as an indispensable condition ; 
whereas the vinous fermentation may be performed in close 
yessels, or at least in vessels which only allow egress to the 
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elastic fluids that are produced. It must not, however, be 
supposed that the vinous fermentation is required as a pre- 
vious step to acidification ; for many liquids containing sugar, 
mucilage, or starch, become sour at once, without passing 
through the former change. 

Common vinegar, which, in this country, is chiefly pre- 
pared from an infusion of malt, sometimes with the addition 
of sugar or melasses, and in France from weak wines, may be 
purified to a certain extent, by submitting it to distillation in a 
glass retort. ‘The best malt vinegar, unadulterated by sul- 
phuric acid or colouring matter, has a specific gravity of 
1.0204. When distilled, the first eighth part is of sp. gr. 
0.99712, and contains such a proportion of acid, that a fluid 
ounce dissolves from 4.5 to 5 grains of precipitated carbonate 
of lime. The subsequent six eighths are of sp. gr. 1.0023, 
and a fluid ounce decomposes 8.12 grains of carbonate of lime. 
A similar quantity, of sp. gr. 1.007, decomposes from 15 to 16 
grains of precipitated carbonate of lime, or 13.8 grains of 
marble.* By distillation, however, vinegar can only be im- 
perfectly purified, and it always acquires a burnt flavour. The 
distilled liquor contains too an extractive matter, which Dar- 
racq considers as mucilage, and which causes it to become 
ropy by keeping, and, also, as Mr. Chenevix has shown, a 
portion of alcohol. The extractive matter, it has been found 
by the latter chemist, cannot be removed by several repeated 
distillations. In French vinegar, he discovered a larger pro- 
portion both of acid and alcohol, with less of mucilage, than 
in the vinegar of this country. From four pints of distilled 
French vinegar, he obtained nearly an ounce measure of 
ardent spirit. | 

Acetous acid is prepared, also, in very considerable quan- 
tity, by the distillation of wood. The wood is inclosed in iron 
cylinders or retorts, which are exposed to a red heat. An 
immense quantity of inflammable gas is produced; and a 
liquid called formerly pyroligneous acid, is condensed, which 
consists of acetous acid holding in solution a quantity of tar 
and of essential oil. ‘These impurities it is possible to remove 


~~ 


* Philips on the London Pharm. p. 7. 
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entirely; so that the acid, thus prepared, may be employed 
for all the purposes of vinegar. 

A process, for the decoloration of pyroligneous acid and all 
kinds of vinegar, has been proposed by Figuer. The agent 
he employs is animal charcoal, which may be prepared by 
calcining the most compact beef or mutton bones in a cru- 
cible, to which a cover must be luted, having a small aper- 
ture, to allow the escape of the gases, and of the other vola- 
tile substances. Towards the close of the calcination, when 
no more flame issues, this aperture must be closed, and the 
heat raised for half an hour. To a wine quart of cold vinegar, 
an ounce and a half of this charcoal, finely powdered, is to be 
added, and occasionally stirred. In 24 hours, the vinegar 
begins to lose its colour, and, in three or four days, is entirely 
deprived of it. It is then to be filtered through paper, and it 
will be found (if the charcoal has been well prepared) to re- 
tain its acidity, without having acquired any unpleasant fla- 
vour. By reducing the quantity of charcoal to one half, the 
change is still effected, but more slowly. 

For purposes of experimental research, acetic acid may be 
prepared by distilling froma glass retort any quantity of the 
acetate of potassa (which may be obtained under that name at 
the druggist’s), with half its weight of concentrated sulphuric 
acid. ‘The adopter and receiver should be kept cool during the 
distillation, ‘The product, which will be found contaminated 
with a little sulphurous acid, may be put into a bottle, and 
shaken at intervals for 24 hours with a small quantity of black 
oxide of manganese. <A second distillation will then afford 
it pure. 3 

Mr. Phillips has described an outline of the following 
process, as a good and economical method of preparing ace- 
tic acid: dissolve 10 ounces of acetate of lead (equivalent 
to about 42 ounces of dry acetate of lime, which may be sub- 
stituted if more convenient) in two pints of distilled or rain 
water, and add to the heated solution 83 ounces of crystal- 
lized sulphate of soda, dissolved in a pint of boiling water. 
Mix the two solutions, which will be mutually decomposed. 
An acetate of soda will be formed, and may be decanted or 
drained through a cloth, from the precipitated sulphate of 
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lead or lime. Evaporate the solution to dryness, taking care 
to employ a moderate heat at the last; reduce it to powder ; 
and put it into a retort, with three ounces of sulphuric acid, 
diluted previously with an ounce of water. By distillation 
at a gentle heat, about 5 ounces of acetic acid will be ob- 
tained, containing 42 per cent. of real acetic acid. ‘The con- 
tamination of the product with a little sulphurous acid is not 
_ easily discovered by the smell, on account of the strong odour 
of the acetic acid; but it is easily discriminated, on drawing a 
little of the vapour into the lungs, by its causing a sensation 
like that produced by breathing the fumes of burning brim- 
stone. In this case, the acid must be redistilled from 1-16th 
or 1-20th its weight of acetate of lead. By using very dry 
acetate of soda, and very concentrated sulphuric acid, the 
product will contain, when rectified, 65 or 66 per cent. of real 
acetic acid; and it may be further strengthened by allowing 
it to congeal at a low temperature. ‘The congealed portion, 
when drained from the fluid, and melted, will be found in- 
creased in acidity to upwards of 80 per cent. 

The sulphate of soda may be washed out of the retort with 
a little warm water, and used again for decomposing a similar 
quantity of acetate of lead or acetate of lime: but if the solu- 
tion contain much uncombined sulphuric acid, it will be ad- 
visable to boil it dry, and to heat the dry salt sufficiently to 
expel the redundant acid, before applying it to effect a fresh 
decomposition. (Ann. of Phil. N.S. i. 23). 

Or, lastiy, the crystallized bin-acetate of copper (distilled 
verdegris, see p. 97), contained in a glass retort, which may 
be nearly filled with the salt, may be submitted to distillation 
per sein a sand-heat.’ The acid that comes over has a green 
colour, and requires to be rectified by a second distillation. 
Its specific gravity then varies from 4.056 to 1.080. If 
the products be reserved in separate portions, it has been 
observed by MM. Derosne,* that those which are obtained 
towards the close, though specifically lighter than the earlier 
ones, are still more powerfully acid, assuming, as the test of 
their strength, the quantity of alkali which they are capable 


* Annales de Chimie, Ixiii, 267. 
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of saturating. The last products, it was found also, when 
submitted to distillation, yield a liquid which has even less 
specific gravity than water. ‘This liquid may be obtained, in 
a still more perfect state, by saturating the latter portions of 
acetic acid with caustic and solid potassa; the acetate of po- 
tassa precipitates ; and a fluid swims above it, which may be 
rectified by distillation at a gentle heat. It is perfectly limpid ; 
has a penetrating taste; is lighter than alcohol; evaporates 
rapidly with the production of cold when poured upon the 
hand; and is highly inflammable. It does not redden litmus. 
Excepting that it is miscible, in any proportion, with water, 
it has all the qualities of ether, and like that fluid has the 
power of decomposing the nitro-muriate of gold. MM. 
Derosne have proposed for it the name of pyro-acelic ether. 
Its production, they observe, is confined to the latter stages 
in the distillation of acetate of copper, and is owing, they sup- 
pose, not to any modification of alcohol, but to changes in 
the arrangement of the elements of the salt. 

These observations are confirmed by the subsequent ones of 
M. Mollerat.* Examining two portions of acetic acid, which 
had precisely the same sp. gr. (viz. 1.063), he found that the 
one contained 87 per cent. of real acid, and the other only 
41. The first he is disposed to consider as the strongest acetic 
acid that can be procured. It may be distilled at a very 
moderate heat with great rapidity, and without entering into 
ebullition. To this acid, having the sp. gr. 1.063 (and of 
which 100 grains required for saturation 250 of sub-carbo- 
nate of soda), he gradually added water, and found, though 
water is lighter than the acid, yet that the density of the mix- 
ture increased till it became 1.079. From this point, the ad- 
ditions of water occasioned a regular diminution of specific 
gravity. M. Chenevix has since observed the same anomaly, in 
the acid produced from acetate of silver. 

Acetic acid, thus prepared, has several remarkable proper- 
ties. Its smell is extremely pungent, and it raises a blister 
when applied to the skin for a moderate length of time. When 
heated in a silver spoon over a lamp, its vapour may be set on 


* Annales de Chimie, lxvili. 88; or Nicholson’s Journ, xxv. 155. 
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fire. At the temperature of about 38° Fahr. it becomes solid 
and shoots into beautiful crystals, which again liquefy at 40°. 
Acid of sp. gr. 1.063 crystallizes even at the temperature of 

° Yabr. and does not melt again till raised to nearly 70°. 
These crystals Dr. Thomson supposes to consist of | atom of 
acid + 1 atom of water. (Ann. of Phil. N.S. ii. 142.) By 
saturation with alkalis they appear to contain 8% per cent. real 
acid, (Quart. Journ. vi. 26.) which approaches nearly to an 
atom of each. Such a compound would require that the acid 
should contain 84.5 per cent. of real acetic acid, which does 
not deviate much from the experimental result. Acetic acid 
appears not to be easily destructible by heat; for Mr. Chenevix 
transmitted it five times through a red-hot porcelain tube, 
with the effect of only a partial decomposition. 

Gay Lussac and ‘Thenard, and Berzelius, have analyzed ace- 
tic acid ; the two first by the combustion of acetate of baryta, 
of known composition, with chlorate of potassa; and Berze- 
lius by the combustion of the same salt, very carefully dried, 
with peroxide of copper. (Ann. of Phil. iv. 323.) Their 
results are as follow. One hundred grains of acetic acid 


consist of 
Carbon. Oxygen. Hydrogen. 


According to Gay Lussac. .50.224... .44.147....5.629 
Berzelius oc946.8 oe F609 ene bsd 


The proportions obtained by Gay Lussac and Thenard may 
be stated also as follows: 


Carbon Sess. Tose Es OOS RE 
Oxygen and hydrogen in the 46.911 


same proportions as in water 
Excess of oxygen... 2. 600s es 2865 


100. 


The most probable constitution of acetic acid, derived from 
the analysis of its salts, is the following: 


Carbon. . “apenas ae ees 
Osy gon (19,95 lel ceee Dh vcccceee 48 
Hydrogen.... 2 ditto eeee a eevee ts 4: 


— = 


50 100 
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Its equivalent, fecarditig to this view of its composition, 
is 50. 

It has-already been observed that the strength of acetic 
acid is not accurately represented by its specific gravity, and 
it had long been desirable to find a test which should express 
its degree of acidity with uniform correctness. ‘This, it is evi- 
dent, may be done by determining the quantity of alkaline or 
earthy substances required for its saturation ; for the stronger 
the acid, the greater the quantity of any alkali or earth, which 
it will be capable of neutralizing. One hundred parts by 
weight of real acetic acid are found to neutralize 290 of crys- 
tallized, = 107.7 parts of anhydrous, carbonate (or sub-car- 
bonate) of soda. (Vol. i. p. 543.) Itis easy then, after as- 
certaining the quantity of carbonate of soda which any speci- 
men of acetic acid is capable of neutralizing, to calculate its 
strength by the rule of proportion; or if any other alkaline 
or earthy compound be preferred as a test to carbonate of 
soda, the scale of equivalents will at once show how much 
should be employed of the test which may be substituted. 

In the acetometer invented by Messrs. J. and P. Taylor, 
which has been adopted by the Excise, for determining the 
rate of duty on vinegar, hydrate of lime is employed to satu- 
rate the acid, and the specific gravity of the resulting solution 
of acetate of lime is made the measure of the strength of the 
acid. Vineyar containing 5 parts of real acid in 100 parts 
by weight, or saturating 14.5 of crystals of carbonate of soda 
(the kind called by the London Vinegar Makers, No. 24), is 
taken as a standard; and when neutralized by hydrate oflime, 
an hydrometer stands in it at the mark on the stem which 
is calied proof. Vo keep the stem of the instrument at the 
same mark, when immersed in stronger acids saturated with 
lime, it is loaded with a series of weights, each of which in- 
dicates 5 per cent. of acid above proof, up to $5, which of 
course contains 5 + 35 = 40 per cent. of real acetic acid. 
(Quart. Journ. vi. 255.) This is the greatest strength at 
which the duty is levied by the gallon, that on stronger acids 
being regulated in a different manner. 

Acetic acid forms with the different bases, a class of salts 
called acetates. 
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Acetate of potassa may be prepared by saturating pure ace- 
tic acid with potassa. As found in the shops, it is not crys- 
tallized, but occurs in a foliated form, which it has assumed 
after cooling from a state of fusion. It is very deliquescent, 
and extremely soluble in water, and soluble in twice its 
weight of boiling alcohol. It is probably constituted of 
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But it is difficult to obtain it entirely free from water, with- 
out either expelling or decomposing a little of its acid ingre- 
dients. 

Acetate of soda may be formed by the direct combination 
of acetic acid with carbonate of soda; or, it may be prepared 
by mixing solutions of 1 part acetate of lime, and 2 of crys- 
tallized sulphate of soda, = 0.9 desiccated; decanting the 
liquid part; washing the precipitate with more water; and 
evaporating the washings to a proper consistency for crystal- 
lization. To obtain good crystals, a slight excess of alkali 
is necessary. ‘These crystals are permanent when exposed to 
air, require for solution between twice and three times their 
weight of water at 60°; and are soluble to a considerable ex- 
tent in boiling alcohol. This salt may be heated to about 
550°, with the loss only of its water of crystallization; but at 
a higher temperature its acid ingredient is decomposed. 
(Thomson, Ann. of Phil. N.S. i. 143.) It consists, according 
to Berzelius, of 
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Or, exclusively of water, of 
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Its theoretical constitution is 
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The crystals appear to consist of 1 atom of anhydrous salt 
= 82, + 6 atoms of water = 54, together 136. 

Acetate of ammonia derives its chief importance from having 
been long employed in medicine as a febrifuge, under the name 
of Mindererus’s Spirit. It is difficult to obtain it in crystals ; 
but its solution, by very gentle evaporation, may be made 
to deposit small needles. It is volatile at 250° Fahr. and 
condenses in long slender flattened crystals. From theory it 
should consist of 100 acid + 34 base, or 75 + 25; but these 
proportions do not agree with the experimental result of 
Wenzel, which gave 62.45 acid + 37.55 base; nor with those 
of Richter, viz. 68.77 acid +- 31.23 base. 

Acetate of lime may, by careful evaporation, be obtained in 
small silky crystals. Itis permanent in the air, and very soluble 
both in water and alcohol. It is difficult to render it so dry, 
as to yield by analysis more than 33.5 or 34 parts of base from 
100 of the salt; but Berzelius states its composition to be 
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The proportions deducible from the atomic weights of its 
elements are : | 
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An impure acetate of lime, prepared with pyroligneous acid, 
is very extensively used in the preparation of acetate of alu- 
mina for the use of dyers and calico printers, and of vinegar 
makers. 

Acetate of baryta is a crystallizable salt, which does not 
grow moist, but rather loses a portion of its water, by expos 
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sure to the air. It requires for solution about twelve parts of 
cold, and not quite two parts of boiling water. Alcohol dis- 
solves only a very small proportion. By distillation per se 
Mr. Chenevix finds that it gives pure pyro-acetic ether, of the 
specific gravity, 0.845, coloured by a little empyreumatic oil. 
Gay Lussac and Thenard state its composition to be 


Acetic seu aes cs oe ideas ORT 
Baryta e@eeeseskseeoee#¢e¢ 8&8 @ @ 56.83 


100. 


Its atomic constitution, however, should be 
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Acetate of stront?a is more soluble than the last mentioned 
acetate, requiring only about twice its weight of cold water 
for solution. Its properties have not been fully investigated. 
It probably consists of 48.08 acid + 51.92 base. 

Acetate of magnesia cannot be obtained in crystals, but only 
in the state of a thick viscid mass, which is extremely deli- 
quescent, and soluble both in water and alcohol. 

Acetate of alumina is generally formed, by double decom- 
position, from the mixed solutions of acetate of lead or lime— 
and sulphate of alumina. It is a compound of consider- 
able importance from its use in dyeing and calico-printing. 
When applied, however, to these purposes, it contains always 
a considerable quantity of alum. ‘The properties of the pure 
combination of alumina with acetous acid are but imperfectly 
known, but it seems probable that it is a bin-acetate. Gay 
Lussac* has found that it has the remarkable quality of being 
decomposed by heat and of depositing alumina, which it 
re-dissolves on cooling. The effect takes place, even in 
vessels hermetically sealed, and when the solution has an ex- 
cess of acid, and seems to bear some analogy to the coagula- 
tion of animal albumen. 


* 74 Ann. de Chim, 93 ; and 6 Ann. de Chim, et Phys, 201. 
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All the metallic acetates that are of any importance have 
been already described in the history of the individual metals. 
To our knowledge of the properties general to this class of 
salts, some valuable additions were made by Mr. Chenevix.* 
By distilling per se the different metallic acetates, that excel- 
lent chemist found that the salts with bases of lead, zinc, and 
manganese, yield a liquid lighter considerably than water, but 
heavier than alcohol, and containing only a very small pro- 
portion of acid. This degree of levity is owing to the pre- 
sence of the peculiar fluid, which Derosne has termed pyro- 
acetic ether, but to which Mr. Chenevix is of opinion, the less 
definite name of pyro-acetic spirit will be better adapted, till we 
obtain a more accurate knowledge of its nature and proper- 
ties. 

Of all the metallic acetates, that of silver gave acetic acid of 
the greatest specific gravity, and of greatest power in neutra- 
lizing alkalis. In this respect, it exceeded, by about one 
fifth, an equal weight of the acid distilled from copper. It 
contained, however, none of the pyro-acetic spirit discovered 
in the acid from copper. The residuum in the retort contained, 
in every case, a proportion of charcoal. When the acetates 
of silver, nickel, copper, or lead were distilled, the metal was 
found in a metallic state; but zinc and manganese were left 
in the state of oxides. . 

The pyro-acetic spirit, obtained from the acetate of lead, 
Mr. Chenevix describes as perfectly limpid and colourless. 
It has a taste, which at first is sharp and burning, but after- 
wards becomes cool and somewhat resinous. Its smell resem- 
bles that of volatile oils, but it is not easy to say of which par- 
ticular one. Its specific gravity, when rectified by muriate of 
lime, is 0.864. It is very combustible, and leaves no sensible 
residue. Its boiling point is 138° Fahrenheit. It is miscible 
in all proportions, with water, with alcohol, and with all the 
volatile oils, and, at a temperature considerably below its 
boiling point, with the fixed oils. When heated it dissolves 
sulphur and wax. 


# Ann, de Chim. vol, lxix ; or Nicholson’s Journal, vol. xxvi. 


352 


CHAPTER XII. 


ANIMAL SUBSTANCES. 


Tue products of vegetable and of animal life, though they 
agree in many of their external characters, and even in some 
of their chemical relations, present several circumstances of 
distinction, which, in general, sufficiently discriminate the 
two classes. Animal substances are the results of still more 
delicate processes, and of a more refined organization; and 
the balance of affinities, by which they exist, is disturbed by 
still slighter causes. ‘To the three great components of vege- 
table matter (oxygen, hydrogen, and carbon) a fourth is, in 
animal substances, added, and constitutes a large proportion 
of their structure. To the nitrogen, which they contain, are 
owing some of the most important qualities that distinguish 
this class of compounds. Hence it is, that instead of passing 
through the vinous or acetous fermentations, they are pecu- 
liarly prone to undergo putrefaction; and that, during this - 
change, they yield, among other products, both nitrogen gas 
and ammonia. When exposed to a high temperature, am- 
monia, “cyanogen, and their compounds, are also generated 
in great abundance; little or no acetic acid is produced; and 
the coal, which remains, differs from vegetable charcoal, in 
being much less combustible. ‘This general description, how- 
ever, though it applies to most individuals of the animal king- 
dom, is not strictly true with respect to all. Animal jelly, for 
example, is rendered sour by spontaneous decomposition. A 
few vegetable substances, it may also be added, gluten for in- 
stance, in consequence of containing azote as an element, be- 
come at once putrid; and furnish ammonia when decomposed 
by heat. | 

In the analysis of animal substances, less precision had till 
lately been attained, than in that of mineral and vegetable 
products. It may be considered as of two different kinds. 
By the first we obtain the proximate principles of animal 
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matter, or certain compounds which, we may presume, are 
separated by the simple processes used for their extraction, in 
a state identical with that in which they exist in the animal 
structure. Thus, by the long continued action of hot water on 
bones, we form a solution, which separates spontaneously into 
two distinct substances, fat and gelatine; while the earthy in- 
gredients remain undissolved. ‘The substances, thus obtained, 
are not very numerous; and to distinguish them from more 
complicated products they may be called proximate animal 
compounds. But, by spontaneous decomposition, or by the 
agency of heat, we give origin to a set of bodies which had no 
existence in the subject of experiment, the wltimate elements 
of which are thus disunited, and are re-combined in a new 
manner. Bones, for example, though they contain no volatile 
alkali, are yet composed, in part, of its elements (nitrogen and 
hydrogen), which, at a high temperature, unite and generate 
ammonia. | 

The method of analysis by peroxide of copper, so success- 
fully applied, by Gay Lussac and Thenard, to the products 
of the vegetable kingdom, has been extended to animal sub- 
stances; * and, in the history of each, the proportion of its 
ultimate elements will be stated, chiefly on their authority, or 
on that of subsequent analysts. Animal substances, they ob- 
serve, contain much more carbon than those derived from the 
vegetable world; in all of them, the hydrogen is in excess 
with relation to their oxygen; and lastly, the greater this ex- 
cess, the more azote they contain. It isremarkable, moreover, 
that this azote, and the excess of hydrogen, are very nearly in 
the proportions required to constitute ammonia. 

Animal matters, then, such as fibrin, albumen, gelatine, &c. 
are composed of charcoal; of hydrogen and oxygen, in the 
proportions required to form water; and of hydrogen and 
azote, in the proportions necessary to constitute ammonia. 
They hold, therefore, among animal matters, the same rank 


* Ann. de Chim. xcvi. 53 ; and Berard, Ann. de Chim, et Phys. v. 290, 
where the process is fully described. See also Mr. Porrett’s remarks, Phil. 
Trans. 1815, p. 2253; and Dr. Prout’s in the Medico-Chirurg. Trans, vin, 
530. : 
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that sugar, gum, lignin, &c. possess among vegetable sub- 
stances. The animal acids, again, consist, probably, of carbon, 
oxygen, hydrogen, and azote, in such proportions, that the 
oxygen and azote are in excess relatively to the hydrogen. 
And the animal oils, on the other hand, will in all probability 
be shown to contain more hydrogen, than is sufficient to con- 
vert their oxygen into water, and their azote into ammonia. 
‘Thus animal substances will be divided, like vegetable ones, 
into three great classes, relatively to the quantities of hydrogen, 
oxygen, and azote, which they contain. 

In addition to the four elementary bodies already mentioned 
as constituting the main ingredients of animal matter, other 
elementary substances are found occasionally in small propor- 
tion, such as sulphur, phosphorus, iron, and manganese. 
Some of the salts, as phosphate of lime, occur in large quan- 
tity, and others, such as muriates of soda and potassa, &c., are 
sparingly diffused through a few only of the animal fluids. 

The proximate animal compounds are not very numerous ; 
the following list comprehending, perhaps, the whole of those 
which are sufficiently well characterized, and of general oc- 
currence. 


1. Gelatine. G. Resin. 


2. Albumen. 7. Sugar. 
3. Mucus. 8. Oil. 
4. Fibrin. 9. Acids. 
5. Urea. 

~~ 


SECTION I. 
Animal Jelly, or Gelatine. 


ANiMAL jelly is an abundant ingredient, not only of the fluids 
of the body, but of the hard and solid parts. Berzelius, in- 
deed, in his View of Animal Chemistry, p. 50, considers gela- 
tine as a product of the operation of boiling; and denies its 
existence in any one fluid of the body; but this opinion does 
not appear very probable. By long continued boiling gelatine 
may be extracted from the skin, membranes, ligaments, cartilages, 
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and even from the bones. The solution, on cooling, forms a 
tremulous and imperfectly cohering mass, well known by the 
name of jelly ; and, if the watery part of this mass be dissi- 
pated by a very gentle heat, we obtain a hard semi-transparent 
substance, which breaks with a glassy fracture, and, accord- 
ing to the source from which it has been obtained, has the 
names of isinglass, glue, portable soup, &c.; all of which are 
varieties of gelatine, with small proportions of other animal 
compounds, especially albumen. M. D’Arcet prepares gelatine 
from bones, not by boiling, but by dissolving out the earthy 
matter by steeping the bones in diluted muriatic acid. ‘The 
gelatine remains in a solid state, preserving the form of the 
bone, and thus furnishing a complete proof that it existed in 
the bone ready formed. ‘To purify it from small remains of 
acid and fat, it is plunged for an instant into boiling water, 
then exposed to a current of cold water, and quickly dried, in 
which state it is unalterable by keeping.* Isinglass, however, 
as the purest form under which gelatine commonly occurs, 
will be best employed for the exhibition of its chemical pro- 
perties. 

1. Dry gelatine, when immersed in water, gradually ab- 
sorbs it, swells considerably, and becomes soft and elastic. At 
common temperatures, however, it is not dissolved; all that 
is thus effected being the absorption of a quantity of water, 
which it loses again by a gentle heat. But in hot water it dis- 
solves very slowly, yet completely ; and affords a liquid which 
again gelatinates on cooling. These alternate solutions and 
desiccations may be repeated for any number of times, without 
occasioning any change in the chemical properties of the gela- 
tine which is submitted to them. 

The proportion, in which gelatine forms a solution capable 
of concreting by cooling, has been determined by Dr. Bostock.+ 
One part of dry gelatine to 100 parts of water gave a solu- 
tion, that completely stiffened by cooling; but one part of 
gelatine to 150 parts of water, produced a compound, which, 
though evidently gelatinous, did not assume the concrete 
form. 


* Phil. Mag. xvi. 17. + Nicholson’s Journal, xi, and xiv. 
2&2 
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2. Gelatine in a solid state seems to be absolutely inde- 
structible when kept in a perfectly dry place; but, when in 
the form of solution or of jeliy, it becomes first sour, and af- 
terwards putrid. It affords a most convenient kind of nutri- 
ment for conveyance to a distance, and when evaporated at a 
very gentle heat, it is found to retain much of the peculiar 
flavour of the meat from which it has been prepared. 

3. Gelatine is insoluble in alcohol, but it is not precipitated 
by that fluid, from its watery solution. 

4. It readily dissolves in most of the acids. Isinglass, dis- 
solved in common vinegar by the assistance of a gentle heat, 
forms a very useful and adhesive cement. Nitric acid, even 
when cold and very dilute, is a powerful solvent of gelatine. 
When the solution is evaporated, the acid and gelatine re-act 
upon each other; nitrous gas is disengaged ; and, if the con- 
centration be not carried too far, oxalic and malic acids are 
obtained from the residuum. Muriatic acid dissolves gela- 
tine, and retains it unchanged in solution. If chlorine gas 
be passed through a solution of gelatine, white filaments ap- 
pear, which, when collected, are found to be very flexible and 
elastic. They consist of gelatine, very little altered, and united 
with muriatic acid and chlorine. ‘They are insipid; insoluble 
in water and in alcohol; not putrescible; and exert a feeble ac- 
‘tion on blue vegetable colours, although they contain a large 
proportion of acid. Exposed to the air during some days, at 
common temperatures, these filaments emit chlorine, and still 
more abundantly when heated. In alkaline solutions they 
disappear, and muriatic salts are formed.* 

But the most remarkable effect on gelatine is produced by 
sulphuric acid, by which Braconnot has discovered that it is 
converted into a substance analogous to sugar. ‘Twelve parts 
of powdered glue were mixed by stirring with 24 of concen- 
trated sulphuric acid. In 24 hours, the liquor had not changed 
colour; about thrice as much water was added; and the whole 
boiled for five hours, adding water at intervals to supply the 
waste. ‘The solution was saturated with chalk, filtered, and 
left to evaporate spontaneously. In the course of a week, it 
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yielded crystals of a very sweet taste, which, when washed in 
weak alcohol, pressed in a cloth, re-dissolved, and re-crystal-. 
lized, were tolerably pure sugar. 

This sugar differs from cane sugar in being much more 
readily crystallized. It is equal in sweetness to grape sugar, 
and not more soluble in water than sugar of milk. Its solu- 
tion does not ferment with yeast. When distilled at a red 
heat, it yields ammonia among other products. 

Sugar obtained from gelatine appearsto be capable of uniting 
with nitric acid without decomposition, and of affording a pe- 
culiar crystallizable compound. Its formation by sulphuric 
acid seems to be owing to the abstraction, from the gelatine, 
of hydrogen and nitrogen in the proportions fit to form am- 
monia, and probably in the absorption of oxygen. (Ann. de 
Chim. et Phys. xiii.; Quar. Journ. ix. 392.) 

5. Gelatine is soluble in pure liquid alkalis. The solution 
is a brownish viscid substance, which has none of the charac- 
ters of soap,* and is not precipitated by acids. ‘The property 
of remaining dissolved after adding acids, distinguishes gela- 
tine from albumen, fibrin, and other animal products; and 
points out a method of separating it from them in analysis. 
Owing to the solvent power of alkalis, they do not occasion 
any precipitation in acid solutions of gelatine; but when 
added in excess, first saturate the acid, and then dissolve the 
gelatine. 

6. Several of the metallic salts and oxides have the property 
of precipitating gelatine ; but not so unequivocally as to be. 
good tests of its presence. Goulard’s extract of lead (pre- 
pared by boiling litharge in distilled vinegar) effects no 
change in a solution of gelatine. The same may be said 
of corrosive sublimate (bi-chloride of mercury). Nitrate of 
silver and nitro-muriate of tin produce a slight, and almost 
imperceptible opacity. The addition of nitro-muriate of 
gold causes a small quantity of a dense precipitate, from a 
solution containing =1,th of gelatine, but not from more dilute 
solutions. 

7. One of the most active precipitants of jelly is tan; and 


* HHatchett, Philosophical Transactions, 180C. 
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a very convenient form of that test, in which it may be kept: 
without decomposition, Dr. Bostock finds to be the extract of 
rhatania, digested in hot water, and filtered after it becomes 
cold. An infusion of 1 ounce of gall-nuts in a pint of water, 
may also be applied to the same purpose. When the propor-- 
tion of gelatine to water is so small, as to compose only ==);,th 
part of ‘the solution, a considerable precipitate is produced by 
this infusion. The stronger the solution of jelly, the more co- 
pious is the precipitate; till at length, when the gelatine is in 
large proportion, a dense coagulum is formed, which, after being 
dried in the open air, becomes a hard substance with a vitre- 
ous fracture. This compound appears to be equally formed, 
when animal solids, composed chiefly of gelatine, are im- 
mersed in solutions of tan; as when the skins of animals, for 
instance, are steeped in an infusion of oak bark. It is per- 
fectly insoluble in water, and incapable of putrefying; and it 
constitutes the preservative part of tanned leather, to which it 
imparts the property of resisting the transmission of moisture. 
The operation of tanning, then, consists essentially in the at- 
traction of tan, from liquors which contain it, by the gelatine 
of the skins. 

It would have been an important step towards the accuracy 
of the analysis of animal substances, if we could have ascer- 
tained the quantity of gelatine in any fluid, by precipitating 
it with tan. But to thisthere are two obstacles: Istly, That 
tan acts, also, on other animal fluids; upon albumen for in- 
stance; and 2dly, That into the precipitate of tan and jelly, 
these substances do not enter in proportions uniformly the 
same. In general, however, Dr. Bostock has been led to con- 
clude that the compound, formed by the union of jelly and 
tan, consists on an average of somewhat less than two parts of 
tan to three of gelatine. And as we always have it in our 
power to ascertain what quantity of tan is employed in preci- 
pitating any solution of jelly, we may, by an easy calculation, 
approximate the quantity of jelly contained in the fluid we 
are examining. 

8. Gelatine has been analyzed by Gay Lussac and Thenard, 
who employed the chlorate of potassa for its decomposition. 
One hundred parts were found to contain 
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The atomic proportions, most nearly approaching to these 
results, are 
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We are not acquainted with those circumstances that oc- 
casion the differences in the several kinds of animal gelatine. 
Some valuable remarks on them may be found in Mr. 
Hatchett’s * Observations on the component Parts of Animal 
Membrane ;”* and an account of the methods of making 
isinglass, glue, &e., may be consulted in Johnson’s History 
of Animal Chemistry, i. 311. 


———— 
SECTION IL 
Aliumen. 


Wirn the exception of gelatine, no fluid appears to enter 
so largely into the composition of animal substances, as al- 
bumen. It forms a large proportion of the blood and of va- 
rious secretions ; and appears to be the chief basis of several 
of the solids; viz. of the thin membrane which constitutes 
the cellular texture, as well as of the skin, glands, and vessels 
that convey the fluids. 

The white of an egg, though not composed of absolutely 


oO 
pure albumen, contains it sufficiently free from other sub- 


* Philosophical Transactions, 1800. 
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stances for the exhibition of its properties. These will be found 
to be the following: 

1. By agitation with water, the two fluids unite, and form 
a viscid liquid, the component parts of which do not separate 
by standing. ‘This solution gives a green tinge to some ve- 
getable blue colours; a Be of the presence of uncombined 
alkali. 

2. At the temperature of 160° Fahrenheit, undiluted al- 
bumen becomes solid, a change which is called its coagula- 
tion. When the solid mass is cut into slices, and siifferied to 
remain for some hours, a few drops of a brownish viscid fluid 
ooze out, amounting to about 44 grains from 100 of the 
albumen originally submitted to experiment. By a long con- 
tinued gentle heat, the coagulated substance itself loses at 
least four-fifths of its weight; and the solid matter is left be- 
hind, in the form of a hard brittle transparent substance. 
Hence it will follow, that 100 grains of the white of egg 
consist of 80 grains of water, 41 uncoagulable matter, and 
only 15! of purealbumen. At a temperature considerably 
below that required for its coagulation, Dr. Bostock finds that 
it may be dried, and is then capable of being redissolved in 
water.* 

Coagulation by heat is the distinguishing character of al- 
bumen, and affords an easy and obvious test of its presence ; 
even when it forms a very minute proportion of certain fluids. 
By adding it, in gradually diminished quantity, to water, Dr. 
Bostock found that a solution, containing only =,!,, its weight 
of albumen, was rendered perceptibly opaque by a — 
temperature. For all practical purposes, therefore, this may 
be considered as a sufficiently accurate test of its presence in 
any fluid. 

The uncoagulated part of the white of egg, Dr. Bostock 
ascertained, was not affected by sclution of bi-chloride of mer- 
cury, or by infusion of galls; but was copiously precipitated by 
sub-acetate of lead or Goulard’s extract. He considers it asa 
peculiar fluid, to which he has given the name of mucus. Dr. 


* Medico-Chir, Trans, ii. 169, 
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Marcet, who finds it to be an ingredient of several morbid 
fluids, has proposed to call it muco-extractive matter.* 

Albumen, which has been coagulated by heat, though per- 
fectly insoluble in water, unless by long boiling aided by a 
Papin’s digester, appears to have undergone no change as to 
its chemical constitution. During coagulation, there is no 
absorption of oxygen ; no gas is extricated; and hence there 
appears to be no re-action of the principles of the compound 
on each other. ‘The coagulum is taken up by liquid caustic 
alkalis with a disengagement of ammonia. From this com- 
bination it is precipitated, unchanged, by acids.; By long 
boiling in water, however, though no apparent solution takes 
place, Mr. Brande obtained, from coagulated albumen, a 
fluid which had alkaline properties; and which gave, after 
evaporation, a viscid substance soluble in water. This fluid 
he apprehends to be a dilute solution of albumen in alkali. 

3. Albumen is coagulated by alcohol, and by acids. ‘The 
coaculum, formed by the latter, always retains in combina~ 
tion, according to Thenard, a portion of the acid which has 
been employed. ‘That produced by nitric acid is least solu- 
ble; and hence nitric acid occasions a precipitate from solu- 
tions of albumen, which are so dilute as not to be affected by 
other acids. The coagulum, produced by acids, is re-dis- 
solved by pure alkalis, even, as Thenard finds, by ammonia, 
which does not dissolve albumen that has been coagulated by 
heat. 

Alum, probably in consequence of its excess of acid, co- 
agulates aibumen; but does not act on very dilute solutions. 
One part in 500 of water is rendered slightly turbid by a so- 
lution of alum; but no precipitate is formed. 

4. The triple prussiate, or ferro-cyanate, of potassa, is an 
extremely delicate test of the presence of albumen, and may 
be used to discover it in fluids to which other tests are inap- 
plicable. To enable it, however, to produce a precipitate, a 


* Medico-Chir. Trans. il. 377. 
+ Thenard, Annales de Chimie, Ixvii. 321. 
{ Philosophical Transactions, 1809. 
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very slight excess of acetic acid should be previously added 
to the liquid suspected to contain albumen, or to the test. 

5. Albumen is coagulated by several of the metallic salts. 
Solution of bi-chloride of mercury, which has no effect on ge- 
latine or mucus, is a delicate test of the presence of albumen. 
A single drop of the solution, added to a liquor containing 
+oz its weight of albumen, renders it visibly milky; and, at 
the end of some hours, a flocculent precipitate falls to the bot- 
tom of the vessel. ‘he same re-agent produces a eee 
effect on a liquid, containing only half that quantity, or 755 
of albumen. 

Solution of corrosive sublimate, however, does not separate 
the whole of the albumen, unless heat is employed. The 
precipitate in that case is a compound of the metallic salt with 
albumen, in the proportion of about one of the former to three 
or four of the latter. From the quantity of corrosive subli- 
mate, therefore, required completely to decompose a solution 
of albumen, we may infer the quantity of the latter; for three 
grains of the metallic salt, being entirely decomposed, indicate 
10+ grains of albumen. 

Nitro-muriate of tin precipitates albumen, but ses actively 
than the foregoing salt. Water, holding =3. of albumen, 
was not altered by this test, till after some hours, when it 
became milky. Nitrate of silver occasions a precipitate; but 
the effect is equivocal, from its precipitating, also, the muriate 

of soda. Nitro-muriate of gold throws down a dense preci- 
pitate from a solution containing —!,5 of albumen. Goulard’s 
extract occasions an abundant dons coagulum. 

Solutions of albumen are decomposed by the addition of 
tan. When an infusion of galls, containing 2 parts of solid 
extract in 100, is added to a liquor, of which albumen forms 
only >5'55 part, no immediate effect is apparent; but, after 
some time, a precipitate ensues. If infusion of tan be poured 
into a concentrated solution of albumen, the precipitate has 
the consistence of pitch; is not susceptible of putrefaction ; 
and, when dry, is brittle like over-tanned leather. The pre- 
cipitate by tan from diluted albumen, Dr. Bostock observes, 
is not coherent, subsides very slowly, and can scarcely be se- 
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parated by a filtre; whereas the precipitate from solution of 
jelly of the same strength is. a hard dense substance, which 
almost immediately separates from the fluid, and may be col- 
lected in a distinct mass, the parts of which cohere together. 

7. Albumen, in whatever way it has been coagulated, ap- 
pears to be slow in undergoing putrefaction. Mr. Hatchett 
kept it for some weeks under water, without its showing any 
tendency to pass to that state. According to Scheele, a small 
portion of coagulated albumen is soluble in diluted acids, and 
precipitable by the same acids when concentrated. By steep- 
ing albumen, for a month, in diluted nitric acid, Mr. Hatchett 
converted it into a substance, which was soluble in water, and 
affected chemical tests like gelatine. 

7. Albumen almost always contains a portion of sulphur in 
intimate combination, which gives it the property of blacken- 
ing silver. This effect is often observed to be produced by 
eggs on spoons of that metal; and blood, evaporated in silver 
vessels, stains them with sulphuret of silver. 

Many theories have been formed of the cause of the co- 
agulation of albumen; but the first probable conjecture on 
the subject appears to have originated with Dr. Thomson. * 
The fluidity of albumen he supposed to depend on the pre- 
sence of alkaline matter, and its coagulation on the removal 
of the alkali, or its saturation with some other substance. 
This suggestion was confirmed by some well devised expcri- 
ments of Mr. Brande.j; When the white of an ege was ex- 
posed to the action of a galvanic battery, a rapid and abun- 
dant coagulation took place round the negative pole, while a 
thin film only collected at the positive wire. ‘This more co- 
pious precipitation at the negative pole appears to have been 
owing to the separation of alkali; and as it required, in order 
to produce the effect, a comparatively high electrical power, 
it should follow that the rapid abstraction of alkali is necessary 
to the perfect coagulation of albumen. | 

Albaminous fluids, then, are compounds of albumen with 
alkali and water. When heat is applied, the alkali is trans- 
ferred to the water, and the albumen becomesinsoluble. The 
alkaline liquor, which is thus produced, re-acts upon and dis- 


* System of Chemistry, v. 489. + Philosophical Transactions, 1809, 
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solves a small quantity of coagulated albumen. When alcohol 
or acids are the coagulating powers, the effect is owing to a 
like transfer of alkali. 

When the uncoagulable part of white of eg was exposed 
to a strong galvanic power, uncombined soda was found. in 
the negative cup; and muriatic acid with a little coagulated 
albumen in the positive one. Hence fluid albumen contains 
both free soda and muriate of soda. In the experiments of 
Mr. Hatchett, 500 grains of dry albumen afforded 74+ of 
coal, of which 114 were saline matter, composed, besides the 
salts that have been mentioned, of phosphate of lime and of 
phosphate and carbonate of soda. 

From the researches of Mr. Brande it appears that gal- 
vanism may be applied to the discovery of very minute quan- 
tities of albumen, which are not rendered sensible by any 
other test. In this way, he produced a rapid coagulation, at 
the negative pole, in several animal fluids, in which albumen 
had not been supposed to exist. It has been ascertained, 
also, by Sir E. Home,-that albumen is coagulated by galvanic 
arrangements of too low a power to affect even the most 
delicate electrometer; and hence he has proposed albuminous 
fluids as tests of the presence of small quantities of electricity.* 

Albumen was found by Gay Lussac and Thenard, to con- 
sist of 
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The nearest atomic approximation of the above proportions, 
is the following: 
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It should appear, then, that albumen contains two atoms - 
more of carbon, and one less of hydrogen, than are present in 
gelatine. Dr. Prout, however, who has analyzed albumen 
with great care, and has made many interesting observations 
on its formation by the process of animal digestion (Ann, of 
Phil. xiii.), found it to be constituted as follows: 
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But this, it may be observed, is precisely the composition of 
gelatine, deducible from Gay Lussac and Thenard’s analysis. 
Kither, therefore, the analytical results must be erroneous in 
one or both cases; or, the difference between albumen and 
gelatine must consist entirely in the grouping or arrangement 
of elements similar as to kind and number. 

Besides perfectly formed albumen, Dr. Prout has noticed 
a fluid approaching it in characters, to which he has given 
the name of incipient albumen. It appears to be that substance 
not completely elaborated, but requiring a further change by 
the processes of digestion and assimilation. (Ann. of Phil. 
XV. 25, 274.) 


eS 


SECTION III. 


Mucus. 


Tue term mucus had been employed in a vague and gene- 
ral sense, until Mr. Hatchett, in his valuable paper on the 
component parts of animal membrane,* attempted to assign 
to it a more definite meaning. Jelly and mucus he considers 
as modifications of the same substance, and as not essentially 
differing from each other. The latter term he restricts to 


* Phil. Trans, 1800. 
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that animal substance, which is soluble in cold water, and 
which cannot be brought to assume the gelatinous state. Dr. 
Bostock, however, has endeavoured to prove that mucus is a 
distinct fluid, characterized by a train of properties, which 
are entirely different from those of animal gelatine.* Four- 
croy and Vauquelin have admitted, also, its claim to be con- 
sidered as a peculiar compound.; ‘They apply the term, in 
an enlarged sense, to the viscid liquid, which lubricates the 
mouth, the cesophagus, the stomach, the intestines, and, in 
general, all the cavities and passages of the body. It differs, 
they suppose, from vegetable gum, in nothing but in con- 
taining a proportion of nitrogen. In the descriptions of its 
characters, however, they are much less precise than either 
of the English chemists. Berzelius, on the other hand, seems 
scarcely to admit that any fluid exists, which is entitled to the 
general name of mucus ; and finds that its chemical characters 
vary in different parts of the body, according to the purposes 
which it is intended to fulfil in the animal economy.t 

The substance on which Dr. Bostock’s experiments were 
made, was the saliva of the mouth, dissolved in water by agita- 
tion. No appearance of coagulation was produced by raising 
the temperature of this liquid to 212°, nor, when the liquid 
was evaporated, and suffered to cool, did it show any tendency 
to gelatinate. 

No distinct effect was produced on the solution of mucus, 
by adding nitro-muriate of tin, bi-chloride of mercury, or in- 
fusion of galls. Sub-acetate of lead (Goulard’s extract) occa- 
sioned an immediate opacity, and, after some time, a flaky pre- 
cipitate. Hence the effects, produced by the tanning principle 
and by Goulard’s extract, establish a decided and essential 
difference between mucus and gelatine. Tan is a most deli- 
cate test of gelatine; but does not, in any degree, affect mucus. 
Goulard, again, is a sensible test of mucus, but not of jelly. 
Corrosive sublimate, and triple prussiate of potassa, on the 
contrary, which discover very small proportions of albumen, 
are not affected by either jelly or mucus. 


* Nicholson’s Journal, x1. and xiv. t+ Annales de Chimie, Ixvii. 
+ View of Animal Chemistry, p. 58. 
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~ Hitherto, however, Dr. Bostock has not been able to devise 

a method of determining, exactly, the proportion of mucus in 
any compound fluid. One great obstacle to all attempts of 
this kind is, that mucus, beside animal matter, appears always 
to contain salt, which acts upon the metallic solutions used as 
tests; so that it is impossible to say, how much of the effect 
is owing to each of these separate causes. ‘The precipitates, 
thrown down from mucus by acetate of lead and nitrate of 
silver, Mr. Brande has found to consist both of the muriates 
and phosphates of those metals. From 1060 grains of saliva, 
he obtained by evaporation 120 grains of dry residuum, of 
which 20 grains were saline matter. ‘The proportion of salts, 
in the mucus of the trachea, was even still greater, This va- 
riety of mucus was not coagulated either by heat, by alcohol, 
or by acids. 

In order to obtain mucus free from neutral salts, it oc- 
curred to Mr. Brande to attempt their decomposition by elec- 
tricity. With this view, a mixture of saliva and water was 
placed in a vessel intermediate between two others, which 
contained water only (see 7, fig. 82), and which were con- 
nected, the one with the positive, the other with the negative, 
extremity of a galvanic apparatus. Fibres of cotton con- 
nected the central vessel with the two others. In about ten 
minutes, a considerable quantity of white coagulum was 
formed upen the cotton on the negative side, but none on the 
positive. Thus albumen appears to be a constituent part of 
saliva, though not discoverable by the usual tests. A separa- 
tion of alkali took place on the negative side; and hence Mr. 
Brande is disposed to consider mucus as a compound of al- 
bumen and muriate of soda, or of albumen and pure soda. 
The whole of this subject, however, is still obscure; and re- 
quires to be illustrated by farther experiments. 

When mucus is evaporated to dryness by a gentle heat, no 
material change is produced in it. The result is a semi- 
transparent substance resembling gum, and, like it, soluble 
again in cold water. Neither alcohol nor ether dissolve it. 
By destructive distillation, it yields only the common products 
of animal matter. The proportions of its ultimate elements 
have not yet been made the subject of investigation. 
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Mucus, as appears from Dr. Marcet’s experiments, beside 
forming an ingredient of several healthy secretions, exists in 
some morbid fluids, particularly in that effused in all the 


forms of dropsy. 


SECTION IV. 
Fibrin, or Animal Gluten. 


Fisrin forms the basis of the muscular or fleshy parts of 
animals, and is left combined with albumen, when all the solu- 
ble parts have been washed away by water. It may also be 
obtained from blood, by laying the coagulum on a linen 
strainer, and pouring water upon it, till a white fibrous matter 
alone remains. 

For the purpose of submitting fibrin to a series of experi- 
ments, Mr. Hatchett obtained it by digesting shreds of lean 
beef, during 15 days, in water, which was changed daily, the 
temperature being such as not to excite putrefaction. The 
shreds of the muscle were then boiled for five hours every day, 
during three weeks, changing the water at each boiling; and, 
fillies the residue was put into a press, and dried by the heat 
of a water bath. 

The following history of the chemical properties of fibrin is 
derived chiefly from a memoir of Berzelius. , 

1. Fibrin is insoluble in cold water; but water, after being 
boiled upon it for some hours, is found to have acquired a 
milky hue, and, on the addition of infusion of tan, affords a 
precipitate of white and distinct flocculi, which do not cohere 
like those produced by gelatine. ‘The liquid, obtained by 
boiling fibrin, does not gelatinate, to whatever degree it may 
be eonteltumed’ but gives a white, dry, hard, Tint friable 
residue, which is soluble in cold water. By long boiling in 

water, fibrin loses its property of softening and dissolving in 
acetic acid. 

2. Alcohol, of the specific gravity .810, converts fibrin into 
a kind of adipocirous matter, which is soluble in alcohol, and 
is precipitated by the addition of water. When alcohol, 
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which has been digested on fibrin, is evaporated, a fatty re- 
sidue is left, which did not pre-exist in the fibrin. By the 
action of ether, fibrin is converted into a sort of adipocire, simi- 
Jar to the preceding, but in much greater abundance, and dis- 
tinguished by a much more disagreeable odour. 

3. In concentrated acetic acid, fibrin immediately becomes 
soft, transparent, and, with the assistance of heat, is con- 
verted into a tremulous jelly. By the addition of warm water, 
this jelly is completely dissolved, with the evolution of a small 
quantity of azotic gas. ‘The solution is colourless, and of a 
mawkish and slightly acid taste. By sufficient evaporation 
the gelatinous substance is reproduced, which, when com- 
pletely desiccated, is a transparent mass, insoluble in water 
without the addition of fresh acetic acid. The solution gives 
a white precipitate with triple prussiate of potassa, and with 
pure alkali; but a slight excess of alkali re-dissolves it. Sul- 
phuric, nitric, and muriatic acids also occasion a precipitate, 
which consists of fibrin and the acid that has been employed. 
When laid on a filter and washed, a certain quantity of this 
acid is carried off by the water, and the remaining substance 
is soluble in pure water. 

4. In weak muriatic acid, fibrin shrinks, and gives out a 
little azotic gas, but scarcely any portion is dissolved, even by 
boiling. Concentrated muriatic acid, when boiled on fibrin, 
decomposes it, and produces a red or violet coloured solution. 
Fibrin, that has been digested with weak muriatic acid, is 
hard and shrivelled. By repeatedly washing with water, it is 
at Jength converted into a gelatinous mass, which is perfectly 
soluble in tepid water. The solution reddens litmus paper, 
and yields a precipitate with acids, as well as with alkalis. 

5. The action of sulphuric acid on muscular fibre has been 
attentively examined by Braconnot. A portion of beefin small 
shreds was steeped in water, washed several times, and pressed 
to separate every thing soluble. Of this fibre, 30 parts were 
mixed with an equal weight of sulphuric acid, which softened 
and dissolved it, without acquiring colour or evolving sul- 
phurous acid. It was gently heated, and, on cooling, a layer 
of fat separated from the surface. It was then diluted with 
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water, and boiled nine hours; saturated with chalk, filtered, 
and evaporated. No sugar was produced, but the extract had 
a decided taste of osmazome. It was boiled with alcohol, 
which, on cooling, deposed a peculiar white matter, called by 
Braconnot leucine. 

In order to purify this new substance, it was dissolved in 
water, and a little tan added. After some hours the liquor 
was filtered, and evaporated till a pellicle appeared. Being 
then left to stand for 24 hours, the bottom of the vessel was 
covered with small mamillated crystals of a dull white colour, 
feeling brittle between the teeth, but having an agreeable taste 
of meat. 

_ Leucine is lighter than water. When heated in a retort, it 
melts, then sublimes in part, and forms white opaque crystals, 
and an empyreumatic and acid fluid distils over, By the ac- 
tion of nitric acid on leucine, a distinct compound appears to 
be formed, which affords peculiar salts with the different bases. 
(Quarterly Journ. ix. 394.) 

6. Nitric acid of the specific gravity 1.25 discngages at first 
azotic gas from fibrin, pure and unmixed with nitrous gas. 
By continuing the digestion 24 hours, the fibrin is converted 
into a pulverulent mass, of a pale citron colour, which, when 
placed on a filter and washed with a large quantity of water, 
becomes of a deep orange colour. ‘This yellow substance was 
discovered by Fourcroy and Vauquelin, who obtained it by 
treating muscular flesh with nitric acid, and who gave it the 
name of yellow acid. Berzelius has ascertained that it is a 
combination of nitric and malic acids with fibrin, which is in 
some degree altered by the process. 

7. In caustic fixed alkali, fibrin increases in bulk, and, at’ 
length, is completely dissolved. The solution is yellow with 
a shade of green; and is decomposed by acids; but the pre« 
cipitated fibrin seems to have undergone some change, for it is 
not, as before, soluble in acetic acid. ‘The compound of fibrin 
and alkali has not any analogy with soap, which Fourcroy as- 
serts that it resembles. 

g. Fibrin has been analyzed by Gay Lussac and Thenard, 
and found to consist of | 
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According to these results, its atomic constitution is 
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It contains then an atom more of carbon, hydrogen, and 
azote, and an atom less of oxygen, than enter into the consti- 
tution of albumen. 


; SECTION V. 
Urea. 


I. Urza may be obtained by the following process :— 
Evaporate by a very gentle heat, a portion of human urine, 
voided six or eight hours after a meal, to the consistence of a 
thick syrup. In this state it concretes, on cooling, into a 
crystalline mass. Pour on this, at different times, four times 
its weight of alcohol, and apply a gentle heat, which. will 
effect the solution of the greater portion. Decant the alco- 
holic solution, and distil it by a water bath, till it acquires the 
consistence of syrup, which is to be pourea out of the retort. 
On cooling, it forms a crystallized substance, which is the 
urea, not however in a state of complete purity. 

Il. 1. Urea, thus obtained, has the form of crystalline 
plates, crossing each other in various directions. It has a yel- 
lowish white colour; a smell somewhat like that of garlic; is 
viscid, and difficult to cut; and has an acrid strong taste. It 
deliquiates, when exposed to Ee air, intoa thick ee liquid. 

B 2 
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It is extremely soluble in water, and absorbs caloric during so- 
lution. Alcohol dissolves it readily, but in less proportion 
than water; and the alcoholic solution yields crystals more 
readily than the watery one. Berzelius, by processes which 
he has not described, obtained urea quite free from colour, 
and forming distinct prismatic crystals like nitre.* [ven in 
this state, he observes, it is still cbstinately combined with lactic 
acid, lactate of ammonia, and the peculiar animal matter, 
which always accompanies the lactates. It is this animal 
matter, which gives the urine its colour. 

Dr. Prout was induced by the observation of Berzelius to 
attempt the preparation of pure urea, and succeeded by the 
following process. 

Fresh urine was carefully evaporated to the consistence of 
syrup, and to this, when quite cold, pure concentrated nitric 
acid was added by degrees, till the whole became a dark-co- 
loured crystallized mass, which was slightly washed with cold 
water and suffered to drain. ‘To this mass, a pretty strong so- 
lution of sub-carbonate of potassa or soda was added, till the 
whole became neutral. The solution was carefully concen- 
trated by evaporation, and set aside, in order that the nitre 
might separate by crystallization. ‘The liquor drained from 
these crystals was an impure solution of urea, which was mixed 
with a sufficient quantity of animal charcoal to form it into a 
thin paste. ‘To this, after remaining a few hours, water was 
added to separate the urea, and the colourless solution was 
evaporated at a very gentle heat to dryness. From the dry 
mass boiling alcohol separated the urea, and left the nitre and 
inost of the saline substances behind, and from the alcoholic 
solution the urea was obtained pure by evaporation and cry- 
stallization, the solution in alcohol and crystallization being 
repeated if the crystals were coloured. 
~ Urea thus purified most frequently assumes the form of a 
four-sided prism. Its crystals are transparent and colourless, 
and have a slight pearly lustre. It leaves a sensation of cold- 
ness on the tongue like nitre. Its smell is faint and peculiar, 
but not resmous. It does not affect the colours of litmus or 


* View of Avimal Chemistry, 8vo. p. 101. 
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turmeric. On exposure to the air it slightly deliquesces, but 
does not seem to be decomposed. At a strong heat it melts, 
and is partly decomposed, and partly sublimes unaltered. 
The specific gravity of its crystals is about 1.350. They are 
soluble in an equal weight of water at 60° Fahrenheit, and to 
any extent in boiling water. Alcohol at 60° Fahrenheit, dis- 
solves about ith of its weight, and at 212° more than its 
weight. 

2. The concentrated solution of urea in water yields, on 
the addition of nitric acid, a copious precipitate of bright 
pearl-coloured crystals, resembling the boracic acid. Oxalic 
acid produces the same effect; but in neither of these com- 
pounds are the acids neutralized. ‘The nitrate of urea, Dr. 
Prout finds to consist of 


Nitric acid. ..c02.0aieis ole. £287.28. lL atom 
Urea, . occ ncedeccicvee 02-63. =5..2 atoms 
100. 


In some states of disease, the urine abounds so much in urea, 
as to afford scales with nitric acid. To detect it, Dr. Prout 
puts a little of the morbid urine into a watch glass, and by means 
of a dropping tube introduces a little strong nitric acid under 
it. Ifspontaneous crystallization occur, an excess of urea is 
indicated, and its amount may be estimated by the time re- 
quired for its production, which varies from a few minutes to 
two or three hours. 

3. ‘The concentrated solution of impure urea, in water, is 
brown ; but becomes yellow, when largely diluted. Infusion 
of galls gives it a yellowish brown colour, but causes no pre- 
cipitate ; nor is it precipitated by infusion of tan. 

4. When heat is applied to urea, it melts, swells, and eva- 
porates, with an insufferably fetid smell. By distillation, it 
yields about two-thirds its weight of carbonate of ammonia; 
about one-fourth of benzoic acid; besides carbureted hydro- 
gen, and a residuum composed of charcoal with muriates of 
soda and ammonia. 

5. The solution of urea, in water, putrefies, and is slowly 
decomposed; but much more rapidly, if a little gelatine be 
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added. Ammonia and acetic acid are the products of its de- 
composition. Ifthe solution, instead of being left to putrefy, 
be kept in a boiling temperature, and fresh water be added as 
the evaporation goes on, the urea is at length wholly decom- 
posed. The condensed vapour is found to contain carbonate 
of ammonia; acetic acid is formed; and a portion of charcoal 
remains in the fluid contents of the retort. It has been ascer- 
tained, by those who distil the volatile alkali from urine, in 
manufacturing processes, that an equal quantity of ammonia 
is obtained whether the urine has undergone putrefaction or 
not. 

6. When a mixture of urea, with one-fourth its weight of 
diluted sulphuric acid is distilled, a quantity of oil appears on 
the surface, which concretes by cooling; acetic acid passes 
over into the receiver; and sulphate of ammonia remains in 
the retort. The repetition of this process converts the whole 
of a portion of urea into ammonia and acetic acid. 

7. Nitric acid when heated acts rapidly on urea; nitrous, 
azotic, and carbonic acid gases, are disengaged; and _ prussic 
acid and ammonia are generated. ‘The residuum, when dried 
and ignited, detonates like nitrate of ammonia. 

8. Muriatic acid dissolves urea without alteration. When 
a stream of chlorine gas is passed through a solution of urea, 
the gas is rapidly absorbed; and white flakes are formed, 
which soon assume a brown colour. After the solution has 
become saturated with gas, the effervescence still continues ; 
and carbonic acid and nitrogen gases are evolved. The resi- 
duary liquid contains both carbonate and muriate of ammonia. 

g. Urea is soluble in alkaline solutions ; and, at the same 
time, undergoes a partial decomposition. A strong smell of 
ammonia arises, probably from the action of the potassa on 
the muriate of ammonia which is contained in urea. When 
solid potassa, however, is triturated with urea, the disengage- 
ment of ammonia is too great to be explained in this way; 
and can only be accounted for, by supposing the volatile al- 
kali to be formed by the union of its elements. A strong so- 
lution of potassa, heated with urea, produces a similar effect : 
a large quantity of ammonia is generated; the residuum di- 
luted with water effervesces violently from the escape of car- 
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bonic acid gas; a flocculent precipitate is formed, which has 
the qualities of a concrete oil; and the liquor, when distilled, 
gives both acetic and benzoic acids. 

10. Urea has the property of changing the form of the crys- 
tais of muriate of soda; a solution of that salt, mixed with one 
of urea, affording, on evaporation, octohedral crystals. Mu- 
riate of ammonia, on the contrary, which usually crystallizes 
in octohedrons, has the form of its crystals altered, by similar 
treatment, to that of cubes. 

Of all the animal fluids, urea appears most readily to un- 
dergo decomposition, both from spontaneous changes in the ar- 
rangement of its elements, and from the action of other sub- 
stances. From a careful examination of the products of its 
distillation with oxide of copper, Dr. Prout has given the fol- 
lowing as the proportions of the elements of purified urea. One 
hundred parts consist of 


Oxygen ...... 26.66 = 1 atom or + volume 
Nitrogen ..... 46.66 = 1 dittoor1 ditto 
Uarpon .a.... 19.99 = 3 ditto or 1, ditto 
Hydrogen.... 6.66 = 2 dittoor2 ditto. 


Deficient .....  .«03 
100. 


Dr. Ure has also analyzed this substance (Phil. Trans. 
1822), but with resulis differing so much from the foregoing, 
that he is not disposed to insist on their accuracy without fur- 
ther experiments. 


SECTION VI. 


Animal Resins. 


THE properties of animal resins have not been fully inves- 
tigated; but, so far as they have hitherto been examined, 
they appear to differ.considerably from those of the vegetable 
kingdom. 

The Resin or BILE may be obtained by the following pro- 
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cess :—T0 32 parts of recent ox bile, add one of concentrated 
muriatic acid. When the mixture has stood some hours, 
strain it, in order to separate a white coagulated substance. 
Pour the filtered liquor, which has a fine green colour, into 
a glass vessel, and evaporate by a gentle heat. At a certain 
point of concentration, a green sediment falls down, which, 
after being separated from the liquid part, and washed, affords 
what has been considered as resin. Berzelius, however (as 
will be more fully stated in the section on bile), denies that it 
is a true resin. 

1. The resin of bile has a dark brown colour; but, if spread 
out fine, on a white ground, it exhibits a bright grass-green. 
It is intensely bitter. 

2. At about 122° it melts, and in a high temperature burns 
rapidly. It is soluble both in cold and hot water, and still 
more soluble in alcohol, from which it is in part precipitated 
by water. 

3. With pure alkalis it combines, and forms a compound, 
which has been compared to soap. From these it is precipi- 
tated unchanged by acids. 

4. When farther oxygenized, by adding solution of chlorine 
to bile, the resinous portion has its properties considerably 
altered ; it acquires the colour and consistence of tallow; melts 
at 104°; and dissolves in alcohol and in hot water. 

Besides this resin, there are several animal substances which 
possess similar qualities. Such are the ear-wax, ambergris, 
castor, &c. 

Cerumen, or ear-wax, has an orange yellow colour and a bitter 
taste. It melts at a gentle heat, and sinks into paper like an 
oil. It is extremely combustible, and burns away with a 
white smoke, emitting an ammoniacal odour, and leaving very 
little charcoal. 

With water it forms by agitation a sort of emulsion ; alcohol 
dissolves 5-8ths of it, and the remainder has the properties of 
albumen. ‘The alcoholic solution, when evaporated, leaves 
a deep orange residuum which is very bitter, and resembles 
the resin of bile. Ether also dissolves cerumen, but the solu- 
tion is less highly coloured than that in alcohol. 

Ambergris is found floating on the sea within the tropics, 
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sometimes in large masses, and its origin is still matter of con- 
jecture. Though hitherto arranged among animal resins, yet 
it appears to consist, according to Pelletier and Caventou, 
chiefly of a substance analogous to that found by Chevreul in 
biliary calculi, and called by him, cholesterine. To this matter, 
as obtained from ambergris, Pelletier and Caventou have 
given the name of ambreine. It may be extracted by digest- 
ing ambergris in hot alcohol of sp. gr. 0.827. On cooling, 
the alcohol deposits the ambreine in very bulky irregular 
crystals. It softens at 77°, melts at 86°, and when raised a 
little above 212° flies off in a white smoke. It is not capable 
of uniting with alkalis so as to form soap. 

Ambreine, by being heated with nitric acid, is converted 
into a peculiar acid, to which the name of ambreic acid has 
been given. It is yellow while in a mass, but when spread 
thin is almost white. It has a peculiar smell, and reddens 
vegetable blues. It is not fusible, even when heated to 212°. 
It is very sparingly soluble in water, but dissolves copiously 
in alcohol and ether. It unites with potassa, and forms a salt 
which gives a yellow precipitate with muriates of lime and 
baryta, sulphates of copper and silver, muriates of tin and 
gold, and some other metallic salts. (Ann. of Phil. xvi, 
93.) 

Castor is found in two small bags in the inguinal regions of 
the beaver. It is of a yellow colour, and when fresh extracted 
nearly fluid, but by exposure to the air it hardens, and ac- 
quires a resinous appearance. Its principal ingredient is a 
resin, which appears to be analogous to the resin of bile. It 
contains also carbonates of potassa, lime, and ammonia, muci- 
laginous extractive matter, anda volatile oil on which its 
odour seems to depend. se 
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SECTION VII. 
Animal Sugar. 


Suear enters pretty largely into the composition of milk; 
and into the urine, when altered by disease. It may be ob- 
tained from milk by the following process: 

I. Let whey be evaporated to the consistence of honey, and 
allowed to cool. It concretes into a solid mass, which is to 
be dissolved in water, clarified by white of eggs, filtered, and 
again evaporated to the consistence of syrup. On cooling, a 
number of brilliant white crystals are deposited, which are 
the sugar of milk. The reader who wishes for a fuller ac- 
count of the preparation of this substance, as practised for 
sale in some parts of Switzerland, will find it-in the ist vol. 
of Johnson’s History of Animal Chemistry. 

1. Sugar of milk has a sweetish taste, and no smell. 

2. It requires for solution seven parts of cold or four of 
boiling water; and is insoluble in alcohol. In these proper- 
ties it differs from common sugar, and also in its relation to 
nitric acid, which will be afterwards stated, under the head 
of saccholactic acid. 

3. When exposed to heat, this species of sugar melts and 
burns with the same appearances as common sugar, and with 
a similar smell. 

Gay Lussac and Thenard have obtained by their analysis, 
the foliowing results, which correspond, almost exactly, with 
those of Berzelius. 


WE rbon eooeeverevr ee erevee 8.825 
xygen eooeeve © 96 © Boo 5 3 ° 8 Z 4. 
Hydrogen 6 es os en dea, ROL 


100. 


These proportions agree also with the results of Dr. Prout, 
and are very nearly the same as those assigned by him to ve- 
getable sugar. He is inclined, indeed, to think that the pri- 
mary and simple saccharine principle is composed of equal 
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numbers of atoms of each element, and that its modifications 
are to be attributed to the influence of minute quantities of 
foreign matter. (Med. Chir. Trans. viii. 538.) 

II. The urine of diabetic patients yields sugar on evapora- 
tion, which approaches more nearly in its characters to those 
of vegetable sugar, but is generally said to be incapable of 
eivdial aden: By exposing the solution, however, for some 
time to the air, and removing occasionally the scum which 
is formed, I have obtained beautiful white crystals, not inferior 
to those of vegetable sugar. Chevreul has, also, obtained 
similar crystals, which when drained, then pressed, and dis- 
solved in hot alcohol, gave a solution that by slow evapora- 
tion afforded perfectly white crystals. In its properties, dia- 
betic sugar he found to approach most nearly to the sugar 
obtained from grapes;* and Dr. Prout, by analysis, finds its 
composition precisely similar to that of vegetable sugar.+ 


eee 
SECTION VIII. 
Animal Oils. 


Animat oils differ from the vegetable oils, in being gene- 
rally, though not always, solid at the temperature of the atmos- 
phere, but are similar to them in other properties. Among 
animal oils, may be ranked whale oil, sperm oil, spermaceti, 
butter, tallow, lard, suet, &c. 

I]. WHALE OIL, or TRAIN OIL, is extracted from the bier 
of the whale, which is originally a firm solid fat, but on reach- 
ing this climate, is found to be mostly resolved into a fluid. 
To obtain the oil, the blubber is melted in large copper vessels, 
under which a fire is made. Beside the ot. a quantity of 
water separates, and on the surface there floats a solid matter 
called fenks, which is probably coagulated albumen. The more 
moderate the heat, and the shorter its duration, the paler 
and better is the oil, but this occasions a smaller quantity to 
be produced. ‘The deep colour is owing partly to too great 


* 05 Ann. de Chim, 319, + Med, Chir. Trans. vill, 537. 
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heat in the boiling, and partly to blood and other impurities 
which are unavoidably mixed with it. What is extracted in 
Greenland is perfectly pale and limpid, and free from smell, 
and burns with a much purer and brighter flame than what 
is made in this country. In the early period of the Greenland 
fishery, the blubber was converted into oil in those regions ; 
but the scite of the fishery is now so much changed, and its 
extent so much increased, as to render this no longer prac- 
ticable. (Scoresby’s Arctic Regions.) 

Whale oil requires to be kept in close vessels to prevent the 
action of the air, which seems in time to injure it. It is render- 
ed more fluid and combustible by adding a little cold drawn 
linseed oil; but it cannot be made so fit for burning in lamps- 
as spermaceti oi]. Perhaps the best way of using it will be 
found to be the converting it into oil gas. (See vol. i. p. 418.) 
For burning in lamps, it may be deprived of its offensive 
odour by several processes described by Mr. Dossie in the 15th 
vol. of the Phil. Mag. 

The specific gravity of whale oil is 0.9191. It boils at 
640°, and may be distilled over; but its properties are then 
materially altered, or rather it becomes a new substance, its 
specific gravity being diminished to 0.868, its boiling point 
lowered, and its inflammability much increased. By long 
— continued heat, without being volatilized, it undergoes changes 
which have been described in the 54th vol. of the Phil. Mag. 
and also by Dr. Bostock, in the Ann. of Phil. N.S. i. 47. 


Dr. Thomson analyzed whale oil, and found it to consist of 


Carhart icc... 22: atemsas 72 P hi iGR Se 


Oxyoemme... 2.ditto .. 16.4.0. 16.10 
Hydra ee 17 ditto oe LZ @eee9 15.03 


—— 


105 100.* 


II. Sperm orb, or SPERMACETI! OIL, forms part of the oily 
substance found in the cranium of the physetor macrocephalus, 
or spermaceti whale. The oil is separated by putting the 
mass into a woollen bag and pressing it, by which the oil is 


* System of Chemistry, iv. 433. 
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made to run out, and the solid residue, when washed with a 
weak alkaline ley, affords spermaceti. 

Spermaceti oil is much purer than train oil, and burns 
away without leaving any charcoal on the wicks of lamps. It 
has been decaniplosed by Dr. Ure, by cane of copper, and 
found to consist of 


Carbon .... 10 atoms.... 60 «..... 78.00 
Oxygen .... 1 ditto..... 8 «.s..+. 10.20 
fiydwegen’ 2S ditee. ee oO Wee). ESO 


———= 


77 100. 


Il]. Spermaceri (called by Chevreul* cetine) bears some 
resemblance to wax, but differs from it in other properties. 
It is more readily fusible, viz. at 112° Fahr. and is less solu- 
ble in boiling alcohol, of which it requires 150 times its weight. 
It is copiously dissolved by boiling ether; and the solution, 
on cooling, becomes a solid mass. Pure potassa acts on it 
more remarkably than on wax; and the compound is quite 
soluble, forming a true soap. A heated solution of ammonia 
affords a liquid, which is not precipitated by cooling, or by 
the addition of water; but is decomposed by acids. From the 
solution by potassa, Chevreul separated, by adding a mineral 
acid, a substance, which he terms cetic acid. It is a white 
solid, fusible at nearly the same point as spermaceti, but which 
does not, on cooling, erystallize.in plates. It is insoluble in 
water, but much more soluble in alcohol than spermaceti, and 
is susceptible of union with various bases, with which it forms 
salts or soaps.+ 

IV. Aptpocire.—A singular instance of the production of 
animal oil from the lean or muscular part of animals, occurs-in 
the conversion of muscle into a substance resembling sperma~ 
ceti, and called by the French chemists aDrpocireE. ‘Yo effect 
this conversion, it is only necessary to confine the fleshy part 
of an animal in a box, with several holes in it, under the sur- 
face of a running stream. When thus confined, the change 


* Ann, de Chim. et Phys. vii. 155. + Ibid. xcv. 17. 
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takes place spontancously in the course of a few months. But. 
it may be accomplished much sooner, by digesting animal 
muscle is strong nitric acid, and washing off the acid by 
water, as soon as the change has ensued. ‘The substance, thus 
obtained, may be bleached, by exposure to chlorine gas. 
From the experiments of Chevreul and of Gay Lussac,* the 
fatty matter thus obtained appears to be separated, rather 
than formed, by the processes which have been described. 
Their inferences, however, are not admitted by Dr. Thom- 
son. } 

Adipocire has a light yellow colour, the consistence of tal- 
low, and a homogeneous texture. It melts at an inferior tem- 
perature to either of the foregoing bodies, viz. at 92° Fahren- 
heit. Cold alcohol has little action, but when heated, dis- 
solves about 1 or | its weight. On cooling, it is deposited 
nearly white, and the alcohol has acquired a vellow tinge. 
Boiling ether dissolves nearly one fourth, which separates, 
almost white, on cooling. Fixed alkalis act on this sub- 
stance, as on wax and spermaceti, forming with it a soluble 
soap. Cold ammonia scarcely attracts it, and in this respect 
it differs from both the preceding substances. 

V. The rar of animals may be separated from the mem- 
branous and other substances, with which it is united, by 
melting it at a gentle heat, with the addition of a smail 
quantity of water. Fat, which has been thus prepared, is 
called lard when of a soft consistence, and tallow when harder. 
From the whale and some other animals, the fat is obtained 
fluid, and is then called animal oil. 

Animal fat is insipid and free from smell. It cannot be 
combined either with water or with alcohol; but it unites with 
alkalis and forms soap. It is apt to become rancid by keep- 
ing, owing to the formation of an acid, most probably by the 
oxygenation of gelatine, or of some other animal substance 
which the fat contains. 

Fat melts at a very moderate heat. Lard becomes fluid at 
about 92° Iahrenheit, and tallow a few degrees higher. At a 


od 


* Ann, de Chim. et Phys. iv, 71. + Annals of Phil, xii. 41, 
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still higher temperature, tallow is decomposed, and yields, 
among other products, a large quantity of olefiant gas. Hence 
its fitness for artificial illumination. 

If fat be melted with about one sixteenth its weight of nitric 
acid, the mixture being kept fluid, and constantly stirred for 
some time, a considerable change 1s produced in its appear- 
ance. Nitric oxide and nitrogen gases are evolved; and the 
lard becomes granular, of a firmer consistence, and. soluble 
in alcohol. Any adhering acid may be removed by washing 
it with water. In this state, it has been calied by the French 
chemists oxygenated _fat. 

Melted fat dissolves both sulphur and phosphorus. It unites, 
also, with several metallic oxides, and forms compounds, 
which have nearly a solid consistence. 


Stearin, Elain, &c. 


It bas been shown by the experiments of Chevreul, which 
have been confirmed by those of Braconnot,* that fat is not 
homogeneous, but composed of two distinct substances. When 
hog’s-lard is heated with alcohol, the fluid on cooling deposits 
white crystalline needles, which may be purified by again dis- 
solving them in hot alcohol, and allowing them to crystallize 
a second time. To the solid thus obtained, Chevreul has 
given the name of sfearin, from olexg, tallow. It is white, brit- 
tle, and free from taste and smell, and in appearance resem- 
bles wax. Its point of fusion varies from i09° to 120° Fahr. 
according to the source from which it has been obtained. It 
is soluble in heated alcohol; and is convertible into soap by 
being treated with aikalis. 

When the alcoholic solution of fat, after having deposited 
all its stearin, is submitted to distillation, there remains an 
oil, which is fluid at 59° Fahrenheit, and is called by Chev- 
reul elain (from eaaioy, oil.) It has generally both colour and 
smell, but these are not essential to it, and depend on the 
source from which it has been obtained. It is convertible into 
soap with alkalis. 


* Ann. de Chim. tom. Ixxxviii. xciii. xciv. xcv.; and Ann. de Chim. et 
Phys. vol, i, &c, 
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Braconnot separated these two component principles from 
each other, by simply pressing fat between folds of blotting 
paper, which imbibes only the elain, and again gives it out 
on being moistened with water and submitted to pressure. 
The proportion of the two ingredients differs considerably 
in different varieties of fat. Stearin being the cause of its 
hardness is, of course, most abundant in fat of firmest con- 
sistence. 

When hog’s-lard is made into a soap with potassa, and this 
soap is put into water, it is partly dissolved, and partiy depo- 
sited in pearl-coloured scales. ‘These scales consist of potassa 
united with a peculiar acid, which is separated by adding a 
due quantity of muriatic acid, and floats on the surface of the 
liquor. Chevreul at first gave it the name of margarine (from 
waoyaortmns, a pearl), but afterwards proposed that of magaritic 
acid. It is tasteless, but reddens litmus, is fusible at 134°, 
and on cooling shoots into brilliant white needles; floats on 
water, and is insoluble in it; but is soluble to great extent in 
alcohol. It unites with potassa in two proportions, viz. that 
of 100 acid to 8.80 potassa, and of 100 acid to 17.77 potassa. 
It is, also, capable of uniting with other salifiable bases. 

That portion of the soap of hog’s-lard, which remains dis- 
solved in water, is a compound of potassa with a different acid, 
mixed however with some proportion of the margaritic. To 
separate this acid, the soap was decomposed by tartaric acid; 
the oleic acid thus obtained was again saturated with potassa, 
and the compound again decomposed by tartaric acid. After 
two or three repetitions of this process, an oily fluid was ob- 
tained, destitute of smell and colour; of the specific gravity 
.899; and remaining fluid till cooled to 35°, or, in some of its 
varieties, to 43°. This acid dees not unite with water, but is 
very soluble in alcohol. It unites also, with salifiable bases, 
and forms a variety of salts or soaps, the precise composition 
of which has been stated by Chevreul.* 

A very remarkable experiment has been performed by Be- 
rard, the result of which has been the production of a sub- 
stance resembling fat from bodies in a gaseous state. It con- 


* Ann, de Chim. xciy, 263. 
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sisted in mixing together one volume of carbonic acid, 10 
volumes of carbureted hydrogen, and 20 volumes of hydrogen, 
and passing the mixture through a red-hot porcelain tube. 
The result was a substance in small white crystals, lighter than 
water, soluble in alcohol, and fusible by heat into a fluid re- 
sembling a fixed oil.* Dobereiner is said, also, to have ob- 
tained a similar product by igniting a mixture of coal gas and 
aqueous vapour. — 


se 


SECTION IX. 


Animal Acids. 


Or the acids, that have hitherte been discovered to enter 
into the composition of animal substances, several have already 
been described, viz. the phosphoric, sulphuric, muriatic, car- 
bonic, benzoic, acetic, and malic. Besides these, the follow- 
ing are either component parts of animal substances, or are 
formed by treating them witn chemical agents. 

I. The uric acid, or lithic acid, exists in human urine, even 
In its most healthy state, not however uncombined, but gene- 
rally united with ammonia. The purest form in which it 
occurs isin the excrement of the serpent, called bea constric- 
tor, and of other amphibia. (Phil. Trans. 1818, p. 303.) The 
substance, occasionally voided along with the urine, and called 
gravel, consists for the most part of uric acid; and this acid 
forms, also, one of the most common ingredients of urinary 
calculi. It may be obtained, by dissolving a calculus of this 
kind (the external characters of which will be hereafter des- 
cribed), reduced to fine powder, in solution of potassa; de- 
composing the clear solution by muriatic acid added in excess ; 
and washing the precipitate with a large quantity of distilled 
water. The precipitate may be drained, and dried at 212°, 
a temperature sufficient to deprive it entirely of water. 

1. Uric acid, when pure, is destitute of colour, taste, and 
smell; it dissolves in 1720 parts of cold water, or 1150 parts 


* Thomson’s Annals, xii, 41. 
VOL, II. 2 € 
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of boiling water; from which, on cooling, much of the acid 
precipitates. This was the degree of solubility in the speci- 
men which I tried, but Dr. Prout (on Calculous Diseases, p. 14,) 
states that one part of uric acid does not dissolve in less than 
10.000 parts of water at 60°. It is possible, therefore, that 
my specimen might contain urate of ammonia, which is a 
much more soluble substance. The solution reddens vege- 
table blue colours, and combines readily with pure alkalis, 
but does not effervesce with the alkaline carbonates. The 
resulting salts, termed wraies or lithates, I have described at 
length in the Manchester Society’s Memoirs, vol. ii, N.S. Tixed 
alkaline solutions dissolve a considerable quantity of uric acid, 
if the alkali be in excess. The saturated compounds, how- 
ever, of uric acid with alkalis, are not much more solubie in 
water than the acid itself. The combination of uric acid with 
soda constitutes the principal part of the concretions, found 
near the joints of gouty persons. 

2. Nitric acid, diluted with about an equal weight of water, 
dissolves the uric acid at a moderate heat, and a solution is 
obtained which stains the skin permanently of a pink co- 
lour; but the colour is not fully developed till the part 
has been exposed to the sun. If the solution be boiled, car- 
bonic acid and nitrogen gases escape, and prussic acid is 
formed, On evaporation to dryness, a bright red or carmine 
coloured mass remains, of which more will be said in connec- 
tion with the purpuric acid. By repeatedly distilling nitric 
from uric acid, the latter is at length wholly decomposed ; 
carbonic acid and nitrogen gases are evolved; and a strong 
smell of prussic acid is produced. The residuary fluid depo- 
sits crystals, which Dr. Pearson found to be nitrate of ammo- 
nia. Chlorine gas, passed through water in which uric acid 
is suspended, occasions the formation of muriate of ammonia, 
and of oxalic and malic acids. 

3. When the uric acid is distilled per se, about one fourth 
its weight of a yellow sublimate arises, which contains no uric 
acid; but a new and peculiar one combined with ammonia. 
A. few drops of thick oil make their appearance; and carbon- 


* Thomson’s Annals, xii. 68, 
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ate of ammonia, with some prussic acid, water, and carbonic 
acid, are obtained. In the retort there remains about one 
sixth of charcoal. By submitting uric acid to destructive dis- 
tillation along with oxide of copper, Gay Lussac determined 
that the carbon is to the azote which it contains, in volume, 
as 2 to 1, as is also the case in cyanogen.* It has been 
shown, also, by Berard, that in uric acid, the hydrogen is to 
the oxygen in a greater proportion than in water, contrary to 
what has been established with respect to vegetable acids.+- 
Dr. Prout has, also, analyzed uric acid by the same process 
as that of Gay Lussac, and finds it to be composed of 


Hydrogen...... 2.857 = 1 atom or 1 volume 
Carban ...... «3° 34.286i'se2 ditto-or 2:ditta 
Oxygen.......+ 22.85% = Wditto-.or Iditte 
Azotets 6.605008 AO; = 1 ditto or 1 ditto 


100. 


Pyro-uric acid. This acid, the existence of which had been 
hinted by Scheele, and some of its compounds examined by 
myself, has been fully investigated by Chevallier and Las- 
saigne. (Ann. of Phil. xvi. 25.) They dissolved the yellow 
sublimate (noticed No. 3, of the last article) in water, and 
added sub-acetate of lead. A white precipitate was obtained, 
which, after being washed with water, was decomposed by sul- 
phureted hydrogen gas. ‘The liquid, when filtered and eva- 
porated, yielded small white needles which were pure pyro- 
uric acid, 

Of this acid, cold water dissolves about one fourth of its 
weight, and the solution reddens vegetable blues. It dissolves 
in boiling alcohol, and separates, as the solution cools, in 
small white grains. When heated, it melts, and sublimes 
entirely in white needles. By being passed through a red 
hot glass tube, it is decomposed, and converted into the com- 
mon products of animal matter. It dissolves in nitric acid, 
and, by evaporation of the acid, is obtained unaltered, a cha- 


* 96 Ann. de Chim. 53. + Ann, de Chim, et Phys. v. 295. 
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racter sufficiently distinguishing it from uric acid, which, 
when thus treated, yields purpurate of ammonia. 

With lime, pyro-uric acid forms a crystallizable salt, which 
melts on applying heat, and assumes on cooling the consis-, 
tence of yellow wax. Ji is constituted of 91.4 acid + 8.6 base. 
Potassa, soda, and ammonia, form with it soluble salts, the two 
first of which are crystallizable. Its compound with baryta 
is very sparingly soluble. Its alkaline salts precipitate per- 
oxide of iron yellow; that of copper bluish white; and the 
oxides of mercury, silver, and lead, quite white. 

‘When analyzed by combustion with peroxide of copper it 
afforded 


Carbon’ 2). cla atomies 2279. Sues. S68 
Oxygen 63.5. 14 ditto 1.9412 11... 2:44:32 
Hydrogras. o2' 26 0ditto ©. O25 bee. 55 
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In this analysis the products, it may be observed, fall short 
of the original acid by 0.55 per cent. 

Purpuric acid.— When to a solution of pure uric acid in di- 
luted nitric acid, ammonia is added, so as to neutralize the 
excess of acid, and the solution is slowly evaporated, its colour 
gradually becomes of a deeper purple, and dark red crystals 
soon begin to separate in abundance. These may be dis- 
solved in dilute solution of potassa, and heat applied to the 
solution till the red colour entirely disappears. ‘The alkaline 
solution is then to be gradually dropped into diluted sulphuric 
acid, which saturates both the potassa and ammonia, and pre- 
cipitates a peculiar acid in the form of a very fine powder, of 
a slightly yellowish or cream colour, exhibiting a pearly lustre 
when viewed by a magnifier, and destitute both of smell and 
taste. It is of greater specific gravity than water, though, 
from its minute state of division, it subsides very slowly. ‘This 
powder is the purpuric acid; a title assigned to it by Dr. 
Prout from its power of saturating alkalis, though it is not 
capable of reddening litmus. 
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Purpuric acid is very little soluble in water, 1000 grains of 
which do not dissolve 1-10th of a grain, but the water assumes 
a purple tint, which it retains when cold. It is insoluble in 
ether, alcohol, dilute mineral acids, and solutions of oxalic, 
citric, and tartaric acids. Concentrated mineral acids, and 
strong alkaline solutions, dissolve it readily. Strong nitric acid 
decomposes it with heat, and a purple compound is obtained 
by evaporation to dryness, precisely as if uric acid had been 
dissolved. 

Purpuric acid expels carbonic acid from the alkaline carbo- 
nates by the assistance of heat, and affords a class of compounds 
called purpurates. ‘The aqueous solutions of these salts have a 
beautiful deep carmine or rose red colour, from which property 
the specific name of the acid has been derived. This colour 
is perhaps best shown in purpurate of ammonia, which Dr. 
Prout supposes to constitute the colouring ingredient of the 
pink sediment, deposited from the urine of a labouring 
under fevers. 

By the combustion of purpuric acid with peroxide of cop- 
per, Dr. Prout determined it to consist of 
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An acid has also been obtained by Brugnatelli, by acting on 
uric acid with nitric acid, which he has proposed to call ery- 
thric acid (from egvipaivey, to redden) and its compounds ery- 
thrates.’ (Phil. Mag. lil. 30.) This compound differs, how- 
ever, essentially from the purpuric acid of Dr. Prout. It 
inay be formed by dissolving pure uric acid in a slight excess 
of nitric acid, evaporating slowly, and putting the solution by 
to crystallize in a cool place. ‘These crystals Dr. Prout sup- 
poses to be either a compound of super-nitrate and super-pur- 
purate of ammonia, or a simple compound of nitric and pur- 
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puric acid. (Ann. of Phil. xiv. 363.) They turn slowly toa 
purple colour on exposure to the air, or more rapidly if dis- 
solved in water and mixed with a few drops of liquid am- 
monia. 

Il. Rosacic Acid.—There is a substance well known to phy- 
sicians, as a deposit from the urine at certain stages of fever, 
at the close of attacks of gout, and in other diseases, under the 
name of lateritious sediment, which Dr. Prout considers as 
chiefly composed of purpurate of ammonia, formed probably 
by the action of nitric acid on uric acid, in the urinary organs 
or passages. (On Calculous Diseases, p. 16.) According to 
Proust, however, this sediment contains, mixed with uric acid 
and phosphate of lime, a peculiar acid, which he terms the 
rosacic, from its resemblance in colour to the rose. ‘This 
acid, he observes, differs chiefly from the uric, in being very 
soluble in hot water; in having little tendency to crystallize ; 
and in precipitating muriate of gold of a violet colour. The 
experiments of Proust have been confirmed and extended, first 
by Vauquelin and afterwards by Vogel.* ‘The latter chemist 
finds that concentrated sulphuric acid converts rosacic acid 
first into a deep red powder, and afterwards into a white inso- 
luble substance which has all the properties of uric acid. 
Nitric acid effects the same change. It appears, therefore, 
that the rosacic and uric acids differ but little from each other, 
and that the transition is easily made from the former to the 
latter. 

III. The amniotic acid has been discovered by Fourcroy 
and Vauquelin, in the liquor of the amnios of the cow, from 
which, by slow evaporation, it separates in white crystals. It 
has a brilliant appearance; a slight degree of sourness; red- 
dens vegetable blues; is scarcely soluble in cold water, but 
readily in hot, from which it separates, on cooling, in long 
crystals. It is also soluble in heated alcohol. It combines 
readily with alkalis and forms neutral salts, from which the | 
amniotic acid is precipitated by other acids. It does not de- 
compose alkaline carbonates; nor does it precipitate salts 
with earthy bases, nor the nitrates of silver, mercury, or lead. 


* 96 Ann. de Chim. 306. 


SECT. IX. ANIMAL ACIDS. 391 


By a strong heat, it is decomposed, emits ammonia and prus- 
sic acid, and leaves a bulky charcoal. 

IV. The lactic acid forms a component part of sour milk; 
from which the acid may be obtained by gently evaporating 
it to about one-eighth ; filtering to separate the curd; and 
adding lime-water to the residue. <A precipitate of lactate of 
lime is formed; from which the acid may be separated by 
oxalic acid. The lactic acid is thus obtained in an impure 
state, dissolved in water. Evaporate the solution to the con- 
sistence of honey; on this pour alcohol, and filter the solu- 
tion. When the alcohol is separated by distillation, the lactic 
acid remains pure. 

This acid has a yellow colour, is not susceptible of being 
crystallized, and attracts the humidity of the air. It combines 
with alkalis and earths, and forms deliquescent salts. It dis- 
solves iron and zinc, with a production of hydrogen gas. It 
unites also with the oxides of other metals. In its properties, 
it bears most resemblance to acetic acid. Fourcroy, indeed, 
supposed that it is really the acetic acid, holding in solution a 
quantity of extractive matter and of the salts contained in 
whey, which disguise its ordinary properties.* But Berzelius 
contends that it is a distinct acid, and that it exists, either free 
or united with soda, in all animal fluids.+ 

V. The saccholactic, saclactic, or mucic acid (the last of 
which names is considered by Berzelius as improper) is formed. 
by pouring on powdered sugar of milk, in a stoppered retort, 
four times its weight of nitric acid, and distilling off a consi- 
derable portion of the liquor. On leaving it to crystallize, 
oxalic acid is obtained; but if, instead of this, the liquid be 
suddenly diluted with water, a white sediment forms, which 
may be separated by decantation and washing, and the oxalic 
acid remains in solution. 

Saclactic acid may, also, be obtained by pouring on one 
part of gum arabic in a stoppered retort, two parts of nitric 
acid; applying heat a short time, till a little nitrous and car- 
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bonic acid gases have come over, and then allowing the mix-~ 
ture to cool. A white powder gradually separates, from 
which the liquid is to be decanted. The powder, after 
being washed several times with cold water, is saccholactic 
acid. : 

This acid is about one-fourth more soluble in hot than in 
cold water. Of the former it requires 60 parts. The solution 
is acid, and reddens the colour of litmus. Ata boiling heat, 
it effervesces with alkaline carbonates ; and unites readily with 
alkalis and earths, forming a genus of salts which are called 
saccholactates or saclactates. With potassa, it affords a salt 
soluble in eight times its weight of cold water, and crystalliza- 
ble on cooling; and with soda asalt equally crystallizable, and 
requiring only five parts of water for solution. 

The saccholactic acid is decomposed, when distilled at a red 
heat, and yields an acid liquor, which deposits needle-shaped 
crystals. An empyreumatic oil is also formed, and a consi- 
derable quantity of carbonic acid and hydro-carburet gases. 
A considerable proportion of charcoal remains in the retort. 
Gay Lussac and Thenard, and Berzelius, have determined its 
composition to be 
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Calculating on the results of Berzelius’s experiments, sac- 
lactic acid should consist of 
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Saclactate of lead has also been analyzed by Berzelius, and 
witha result which confirms the above equivalent number. It 
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was found to consist of 100 saclactic acid + 106.87 protoxide 
of lead, numbers which have as nearly as possible the propor- 
tion of 105 to 112, the equivaient of the protoxide. 

VI. Sebacie acid —According to Thenard, the acid which 
has been described as the sebacic, obtained by adding finely 
powdered quicklime to melted fat, and disengaging the acid 
by the sulphuric, is merely acetic acid, disguised by a little sul- 
phurous acid. Besides this, however, a different acid may be 
procured by first distilling hogs’-lard, and washing the product 
with hot water. ‘The watery solution, poured into one of ace- 
tate of lead, gives a flaky precipitate, which is to be heated, 
along with sulphuric acid, in a retort. No acid is distilled 
over; but on the surface of the matter in the retort, there 
floats a substance resembling fat, which may be separated, and 
washed with boiling water. The water entirely dissolves it, 
and becomes concrete on cooling. 

The acid, thus procured, has a white colour; is without 
smell; has a slightly acid taste, and reddens infusion of 
litmus. When heated, it melts like a sort of fat; boiling 
water saturated with it becomes solid on cooling. Alcohol 
dissolves it copiously. It precipitates acetates and nitrates of 
mercury and lead, and nitrate of silver. The alkalis are 
neutralized by it, and form soluble salts, which do not decom- 
pose the solutions of lime, baryta, or strontia. It may be 
volatilized ; but requires a higher temperature than benzoic 
acid, which, in several particulars, it greatly resembles. Ber- 
zelius, indeed, considers it as merely benzoic acid, impregnated 
with other products of the distillation by which it has been 
obtained, and it is extremely probable that his opinion is well 
founded. 

VII. The hydro-cyanie acid is formed, chiefly during the 
decomposition of animal substances, at high temperatures : 
or rather, as Gay Lussac has rendered probable, a cyanide of 
potassium is formed, which becomes hydro-cyanate of potassa, 
when acted upon by water and an acid conjointly, in the man- 
ner already explained in the section on cyanogen. 

VIII. The zoonie acid has been shown by Thenard to be 
merely the acetous, holding some animal matter. in solution. 

IX. The formic acid, or acid of ants, was submitted to a 
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course of experiments by Fourcroy and Vauquelin, who in- 
ferred that it is merely a mixture of acetic and malic acids. 
This conclusion was opposed by the experiments of Suersen, 
who endeavoured to prove that the formic is really a peculiar 
acid; but its identity with the acetic was again asserted by 
Fourcroy and Vauquelin, and the only difference between the 
two, alleged to consist in the presence in the formic of a little 
plaspliotic acid and animal matter.* Gehlen, however, pub- 
lished a fresh series of experiments, the object of which was to 
prove that the formic is really a peculiar acid. Its smell and 
taste differ, he alleges, entirely from those of acetic acid. 
When sufficiently cooled, it becomes solid, but does not crys- 
tallize. Its specific gravity is 1.1168; when diluted with an 
equal weight of water, it becomes 1.060; and with twice its 
weight, 1.0296; in all which respects it differs decidedly from 
acetic acid,+ as well asin composing different salts with oxide 
of copper and other bases. 

The formic acid is recognized, also, as a peculiar compound 
by Berzelius. By analysis, he obtained as the ingredients of 
formic acid, 
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Reducing these proportions to atoms, we find that formic 
acid is constituted of 
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The equivalent thus deduced? differs very little from that 
derivable from the composition of formate of lead, which 
Berzelius found to consist of 100 acid + 298.1 base. If these 
results are worthy of confidence, there is a material difference 
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between the constitution of formic and acetic acids, the 
latter of which contains 4 atoms of carbon + 3 of oxygen 
+ 2 of hydrogen, and is represented by 50. The acid, to 
which the formic most nearly approaches, is the oxalic, from 
which it differs only in containing an atom of hydrogen in ad- 
dition to the carbon and oxygen. Dobereiner has formed it 
artificially, by slightly heating bi-tartrate of potassa or tartaric 
acid with black oxide of manganese and water. A great 
quantity of carbonic acid escapes, and a sour colourless liquid 
distils, which is formic acid. (Ann. of Phil. N.S, iv. 310.) 


CHAPTER XIII. 
OF THE MORE COMPLEX ANIMAL PRODUCTS. 


ALL arrangements of the various substances, that compose 
the animal body, must, in the present state of our knowledge, 
be entirely arbitrary; and it can, therefore, be of little con- 
sequence which of them is adopted. ‘The most obvious divi- 
sion is that which distributes them into fluids and solids, and 
this order I shall follow in the description of their individual 
properties. A minute history, however, of all the variety of 
animal compounds would be foreign to the purpose of this 
work, and could not be given without very long details. For 
this reason, I shall notice, at greatest length, those which are 
most interesting, from their connection with animal physiology. 


i 
SECTION I. 
Of the Blood—Respiration, Se. 


Tue blood, when examined as soon as it has been drawn 
from the body, is a smooth and apparently homogeneous 
fluid; viscid to the touch; and of a specific gravity exceeding 
that of water, in a proportion which, generally speaking, varies 
from 1.030 to 1.050. A vapour presently exhales from it, which 
has a peculiar smell, but which does not, when condensed, af- 
ford a liquid differing essentially from water. Ina few mi- 
nutes, a thin film appears on the surface; and, after a short 
time, the whole mass becomes coherent. When it has remain- 
ed some time in this gelatinous state, a more complete separa- 
tion of its principles ensues. Drops of a yellowish liquid ooze 
out from beneath the surface of the mass; and, at length, the 
whole is resolved into two parts, a firm red substance called 
the cruor, crassamentum, or clot; and a yellowish liquid 
termed serum. The proportion of these parts varies consi- 
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derably ; the crassamentum being much more abundant in 
vigorous, well-fed animals, than in such as have been debili- 
tated by disease or by poor living. 

The period, at which coagulation begins, varies not only 
with the condition of the blood itself; but with the circum- 
stances in which it is placed. It commences sooner as the 
vessel is more shallow; but, on an average, it may be said to 
begin in about 34 minutes, and to be completed in seven. 
Fourcroy states that, during coagulation, caloric is evolved ; 
and this fact appeared to be established, also, by the experi- 
ments of Dr. Gordon, who found the coagulating part of a 
quantity of blood warmer than the rest, by from 6° to 12° 
Fahrenheit.* Subsequent experiments by Dr. John Davy+ 
have, however, rendered the fact extremely questionable, and 
have led to the suggestion of some sources of fallacy in Dr. 
Gordon’s investigation. 

The serum is an apparently homogeneous fluid, with a yel- 
lowish and sometimes slightly greenish tinge; is unctuous to 
the touch, and saltish to the taste. Its specific gravity is very 
variable; but on the average is about 1.029. When exposed 
toa heat of 160°, and still more readily in that of 212°, 
serum is converted into a pretty firm white mass. This, in 
fact, is merely coagulated albumen, the properties of which 
have been already described. When cut into slices, and sub- 
jected to gentle pressure, a small quantity of a slightly opaque 
liquor, of a saline taste and a peculiar odour, oozes from it, 
which is called the serosity. ‘This fluid has generally been 
considered as holding gelatine in solution; but Dr. Bostock 
has found reason to doubt the accuracy of the opinion; in 
which conclusion he is supported by Brande and Berzelius. 

Mr. Brande coagulated two fluid ounces of serum, and di- 
gested the coagulum, cut into slices, in four fluid ounces of 
distilled water, which was afterwards separated by means of a 
filter. The liquid, when evaporated to half an ounce, gela- 
tinized on cooling, and was precipitated by an infusion of tan ; 
but this effect dala equally well be produced by the presence 
of albumen; and desc evidence of the presence of the latter 
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substance was obtained, by placing some of the fluid in the 
Voltaic circuit, when a rapid coagulation of albumen took 
place round the negative wire. After having coagulated, by 
Galvanic electricity, all the albumen of a portion of serum, 
the residuary liquor gave no indications of gelatine. Mr. 
Brande, therefore, infers, that the serosity consists of albumen, 
in combination with a large proportion of alkali.* 

The serosity, according to Berzelius, contains no sulphuric 
acid, and only a vestige of the phosphoric; but it consists of 
water, of pure soda holding albumen in solution, of muriates 
of soda and potassa, of lactate of soda, and an animal matter, 
which always accompanies the lactate.t ‘The solid contents 
of the serosity, Dr. Bostock finds to vary from =,th to 5th 
of its weight; but on an average, they may be stated at =th. 
It has been a subject of controversy,{ which of the mineral 
alkalis exists in serum in an uncombined form. Dr. Pearson 
maintains that it is potassa; but Drs. Bostock, Berzelius, and 
Marcet, allege that it is soda; and the evidence preponderates 
in favour of the latter statement. 

When serum is evaporated, at a heat below that required 
for its coagulation, it yields a yellowish semi-transparent mass, 
resembling amber, that splits to pieces in drying, and amounts 
to about 95 grains from 1000 of serum. ‘This substance 
softens in water, and becomes gelatinous; and about 36 per 
cent. of its weight are dissolved, and may be passed through 
a filter. The insoluble part is albumen; and much of this 
exists, also, in the filtered liquor, beside the neutral salts, which 
have already been mentioned. 

The mineral acids coagulate serum so completely, that no 
albumen remains in the serosity. The insoluble compounds, 
which are produced, exactly resemble those of the same acids 
with fibrin; and the action of alcohol is the same in both 
cases. Hence Berzelius contends, that there is very little dif- 
ference between albumen and fibrin. The only character of 
distinction between them appears to be, that albumen does not 


* Phil. Trans, 1812. + Thomson’s Annals, ii. 201. 
t See Medico-Chur, Trans. ii, 8356, 368; and Nicholson’s Journal, vols. 
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coagulate spontaneously, but requires « high temperature; and 
from this circumstance, it is less rapidly soluble than fibrin in 
acetic acid. 

The serum of human blood is composed, according to Ber- 
zelius, of 
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This analysis agrees very remarkably with one of Dr. Mar- 
cet, who obtained the following ingredients. ‘The substance, 
termed by him muco-extractive matter, is doubtless impure 
lactate of soda; and the sulphate of potassa, and earthy phos- 
phates, were probably formed by the combustion. 

A thousand parts of human serum contain, 
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Vogel considers sulphur as another constituent of serum ; 
for he finds that when serum is kept for some days, at the 
temperature of between 75° and 90° Fahr. a gas exhales from 
it, which renders legible characters written on paper with 
acetate of lead.* This experiment was found to answer with 
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the bile and urine; but it can scarcely be regarded as a proof, 
that the blood contains sulphur as suck, or in any state but 
that of intimate combination. ‘The same chemist has endea- 
voured to establish the presence of carbonic acid in blood when 
recently drawn * from a vein. 

The crassamentum or clot is resolvable into two parts, v7. 
what has been called coagulable lymph or fibrin, and red 
globules. The separation may be accomplished by long con- 
tinued washing with water, which dissolves the red globules 
only, and leaves the fibrin. Its properties differ scarcely at all 
from those of fibrin obtained by the long boiling of muscular 
flesh. 

Fibrin, as it is contained in the blood, is held in a state of 
solution, or rather, according to recent observations of Mr. 
Bauer, in the state of very minute white globules. It is still a 
question to what cause its spontaneous coagulation is owing. 
That it does not arise from the absorption of oxygen, is plain 
from the fact that blood, by exposure to oxygen gas, has its 
coagulation retarded. Hydrogen gas, also, delays its coagu- 
Jation; but carbonic acid, nitrous, and nitrogen gases, acce- 
lerate it. Jn vacuo, Mr. Hunter states that it occurs at the 
usual period ; but it is not easy to conceive under what cir- 
cumstances such an experiment could be fairly made. When 
intercepted in a living vessel, as by placing ligatures on a vein, 
Mr. Hewson found that blood remained imperfectly fluid for 
several hours. That mere rest is not sufficient to produce its 
coagulation appears, also, from the fact, that the blood conti- 
nues fluid in cases where the circulation is suspended through- 
out the whole system; as in fainting, and in suffocation from 
drowning and other causes. ‘The coagulability of fibrin is 
destroyed, also, without our being able to explain the fact, in 
animals killed by electricity and lighting; by a blow on the 
stomach ; by the poison of the viper; or by violent passions 
of the mind. In some diseases, on the contrary, its tendency 
to coagulation is greatly increased. } 

The red globules of the blood (that part to which its peculiar 
colour is owing) were first attentively observed and accurately 
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described by Mr. Hewson. As their name imports, they 
have a globular figure, which is sufficiently visible with the 
aid of the microscope. The diameter of these globules is 
from 1-6000th to 1-4000th of an inch. They appear to dis- 
solve readily in water, and tinge it with their own peculiar co- 
lour; but Dr. Young finds that the globule remains entire, 
though colourless. They are soluble in alkalis, acids, and 
alcohol, but not inthe serum. The watery liquid turns syrup 
of violets green; and, after some time, deposits a flocculent 
precipitate, doubtless from the coagulation of albumen, the 
presence of which is indicated, also, by the effect of boiling 
the solution. It seems to consist of albumen, dissolved by 
an excess of pure soda. When evaporated and calcined in a 
crucible, a residuum is obtained, amounting to about +... of 
the weight of solid matter, and composed, according to Four- 
croy and Vauquelin, chiefly of sub-phosphate of iron. 

It has been contended that the red colour of the blood is 
owing to the iron which it contains, but this opinion has been 
rendered extremely questionable by the experiments of Mr. 
Brande. Berzelius, indeed, had found that a quantity of oxide 
of iron exists in the ashes of the colouring matter ; while none, 
or at least an infinitely small portion, is afforded by the other 
ingredients of blood. Hecut the crassamentum into thin 
slices, and placed them on blotting paper; and after this had 
ceased to draw out any moisture, he dried the slices. Four 
hundred grains of the dried substance left, after incineration, 
5 grains of ashes, which were composed (supposing 100 to have 
been operated on) of 
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The iron in the colouring matter is not, Berzelius admits, in 
such a state, as to be capable of being detected by the nicest 
tests of that metal, until the composition of the colourin 
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matter is destroyed by combustion. Nor is there any truth 
in the synthetic proof alleged by Fourcroy, that subphosphate 
of iron dissolves in albumen, and imparts to it a bright red 
colour, resembling that of blood. 

To procure the colouring matter of blood in a detached 
state, Mr. Brande employed venous blood, stirred during its 
coagulation. ‘The fibrin is thus removed; and the colouring 
matter is diffused through the serum, from which it gradually 
subsides in a very concentrated form. It retains, indeed, some 
serum ; but this does not interfere with the effects of various 
agents upon the colouring principle. 

The aqueous solution has a bright red colour, and is not 
very prone to putrefaction. It is not altered by any tempera- 
ture below 190° or 200° Fahr.; but, at higher temperatures, 
it becomes turbid, and deposits a pale brown sediment. If 
the fluid be poured upon a filtre, water passes through colour- 
less; so that exposure to heat destroys the solubility of colour- 
ing matter. ) 

Diluted sulphuric and muriatic acids, and acetic, oxalic, 
citric, and tartaric acids, dissolve the colouring matter, and 
extract it from the crassamentum. ‘The solution has more or 
less of a starlet hue, according to the acid employed ; but it 
is always green, when viewed, in narrow tubes, by transmitted 
light. Nitric acid destroys the red colour, and converts it to 
a brown. 

The pure and carbonated alkalis dissolve the red matter, 
the colour of which remains unimpaired. ‘The solution in 
liquid ammonia approaches nearest to scarlet. When these 
solutions are supersaturated with muriatic or sulphuric acids, 
the liquid acquires a colour, similar to the original solution of 
the colouring matter by those acids. | 

Alumina cannot be brought to form a permanent red com- 
pound with the colouring principle of the blood. But when 
the colouring matter is left to stand a few days, in contact with 
a solution of the crystallized muriate of tin, a bright red 
powder precipitates, which is a combination of the colouring 
matter with oxide of tin. When kept in water, it sustains no 
change of colour; but when dried by exposure to air, it loses 
its brilliant tint, and assumes a dull red hue. 
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The most effectual mordaunts, which Mr. Brande discovered 
for the colouring matter, are sclutions of mercury (especially 
the nitrate) and corrosive sublimate. When either of those 
salts was added to a watery solution of the colouring matter, 
a deep red compound was deposited, and the liquid became co- 
lourless. Woollen cloth, also, first impregnated with these so- 
lutions, and then dipped into the aqueous solution of colouring 
inatter, acquired a permanent red dye, unalterable by washing 
with soap. 

It appears, therefore, that the colouring principle of the 
blood is an animal substance of a peculiar nature, susceptible, 
like the colouring matter from vegetables, of uniting with 
bases, and admitting, probably, of important use in the art 
of dyeing. On examining the colouring matter, distinctly 
from the crassamentum, Mr. Brande did not discover a greater 
proportion of iron, than in the other principles of blood; and 
the theory may, therefore, be considered as completely set 
aside, which accounts for the red colour of the blood by the 
presence of iron. 

The conclusions of Mr. Brande have been lately confirmed 
by Vauquelin, who recommends the following method of ob- 
taining, in a separate form, the colouring matter of the blood. 

Let the coagulum of blood, well drained upon a_ hair 
sieve, be digested in four times its weight of sulphuric acid 
diluted with a double proportion of water, at the temperature 
of 160° Fahr., for five or six hours. Filter the liquor while 
yet hot, and wash the residuum with a quantity of hot water, 
equal in weight to the acid which has been employed. Con- 
centrate the liquor to half its bulk; then add pure ammonia, 
till there remains only a slight excess of acid. After having 
agitated the liquor, allow it to stand, and a purple sediment 
will be deposited. ‘This sediment is to be washed with distilled 
water, till the washings cease to precipitate the nitrate of 
baryta. It may then be drained on filtering paper, and dried 
at a very gentle heat. 

When dry, it is destitute of taste and smell. It resembles 
jet in colour, fracture, and lustre. When moistened with 
water, it assumes a wine red colour, but docs not dissolve in 
that fluid. In acid and alkaline liquids, it readily dissolves, 
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and communicates to them a purple colour. Its acid solu- 
tions are not precipitated by gallic acid or by prussiate of po- 
tassa, thus proving the absence of iron. Infusion of galls, 
however, precipitates it without any change of colour. It is 
soluble in diluted nitric acid, without being discoloured, nor 
is this effect produced by nitrate of silver; but it is completely 
discoloured by nitrate of lead, which throws down a brown 
precipitate.* 

In opposition to these experiments, it is still maintained by 
Berzelius, that the colouring matter of the blood contains 
iron, not indeed discoverable by re-agents, but decisively 
proved to exist in its ashes. In every respect, except in con- 
taining that metal, the colouring matter of the blood agrees 
with fibrine and albumen, and he seems disposed to believe 
that its colour, though not depending on the presence merely 
of an oxide of iron, may be produced by a compound of 
which that oxide is an essential part.+ | 


It is doubtless on the red globules of the blood that the dif- 
ferent gases act, which produce such remarkable changes in 
the colour of the entire fluid. Nitrogen gas blackens arterial 
blood, and, according to Girtanner, venous blood also. In 
an experiment of Dr. Priestley, it appeared that the bulk of a 
quantity of nitrogen gas, to which arterial blood was exposed, 
sustained a diminution. Blood, which has had its colour thus 
impaired, it was found by the same philosopher, may be re- 
stored to its bright florid hue, by agitation with oxygen gas; 
and these changes may, at pleasure, be repeated alternately. 
Oxygen gas, to which blood is exposed, is diminished in 
volume, and contaminated by carbonic acid. Atmospheric air 
undergoes the same change in consequence of the oxygen 
whith | it contains, but in a Teds remarkable degree. 

Similar alterations are, also, constantly going on in the 
blood, during its circulation through the living body. In the 
veins it is of a dark red colour, oe to piepl In this 
state it arrives at the right ventricle of the heart, by the con- 
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traction of which it is driven into the pulmonary artery. This 
artery is distributed, by extremely minute ramifications, over 
the whole surface of the air-cells of the lungs; and, in these, 
the blood is exposed to the action of atmospherical air, through 
the slender coats of the blood vessels. Here it acquires a 
bright vermillion colour; and, returning to the left ventricle 
of the heart by the pulmonary veins, it is distributed, by the 
contraction of this ventricle, through the whole body. In its 
course it loses its florid colour, and, after traversing the system, 
returns to the lungs, to be once more fitted for the perform- 
ance of its functions. 

The function of RESPIRATION consists of two distinct actions, 
that of inspiration, by which the air is drawn into the lungs ; 
and that of expiration, by which it is expelled, after having 
served the purpose for which it was inhaled. By an easy 
natural inspiration, about twenty cubic inches may, perhaps, 
on an average, be the quantity taken in. It appears, also, 
from the experiments of Messrs. Allen and Pepys,* that 
the same quantity is expired, with little if any diminution. 
Atmospheric air, after being once only admitted into the lungs, 
returns charged with 8 or 84 per cent. of carbonic acid gas. If 
the same portion be breathed repeatedly, considerable uneasi- 
ness is experienced; but the quantity of carbonic acid cannot 
be increased beyond 19 per cent. ‘The proportion, however, 
which is produced by the same individual, is liable to some 
variations, which have been described by Dr. Prout. (Ann. 
of Phil. xiii. 269.) When the state of the expired air is 
examined by eudiometrical tests, a quantity of oxygen is 
found to have disappeared, equal in volume, according to the 
experiments of the same accurate chemists, to the carbonic 
acid which has been formed. Now as carbonic acid has been 
proved to contain exactly its own bulk of oxygen gas, it follows 
that all the oxygen, which disappears in respiration, must 
have been expended in forming this acid ; and that no portion 
of it has united with hydrogen to form water. It may still, 
however, be doubted, whether the oxygen is absorbed through 
the coats of the vessels, and displaces carbonic acid, which 
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may be supposed to have pre-existed in the blood ; or whether 
this acid be not rather generated by the union of the inspired 
oxygen wi ecarbon ef that fluid. Ofthe two suppositions, 
the latter appears to be the most probable. 

The only change, then, that has been satisfactorily proved 
to take place in respired atmospherical air, is the removal of 
a certain quantity of oxygen (its nitrogen being wholly un- 
touched), and the substitution of a precisely equal volume of 
carbonic acid gas. When, however, pure oxygen gas is re- 
spired by an herbivorous animal, Messrs. Allen and Pepys 
have found that it cannot all be traced into this combination ; 
but that a portion of oxygen has disappeared, and has been 
replaced by a corresponding quantity of nitrogen.* The 
addition of nitrogen appears to be made also, when a mixture 
of hydrogen and oxygen gases is breathed, in which the latter 
is in the same proportion as in atmospherical air. This mix- 
ture, it was found, may be respired for an hour without incon- 
venience. ‘The substitution of nitrogen for the oxygen ori- 
ginally inhaled is a fact of considerable importance, and in 
the present state of our knowledge altogether inexplicable. 

Besides carbonic acid, a portion of watery vapour is emitted 
from the lungs, and in a quantity sufficient to be visible when 
the atmosphere is of a low temperature. From various ex- 
periments, it may be inferred to amount to about three grains 
in a minute. Until lately the water, thus exhaled, was sup- 
posed to be generated in the lungs, by the union of the in- 
spired oxygen with the hydrogen of the blood; but this 
hypothesis is inconsistent with the experiments of Messrs. 
Allen and Pepys, which have traced the whole of the oxygen 
into combination with carbon. It is probably, therefore, 
nothing more than the condensed vapour ofa portion of that 
fluid, which is ordinarily secreted into the bronchial cells. 

An important purpose of the function of respiration is, that 
it contributes to that equable temperature, which the animal 
body preserves, amidst all the changes in the surrounding 
medium. ‘This is peculiarly the property of living matter ; 
for all other bodies have the same degree of heat with the 
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substances that are in contact with them. In the human body, 
the temperature varies only a very few degrees from 96°, 
whether it be exposed to a cold of many degrees below the 
freezing point; or whether it be surrounded by an atmosphere, 
little short of the heat of boiling water. ‘There must, then, 
be certain processes in the animal economy, by which, in the 
former case, caloric is reduced from a latent form to that of 
temperature; and, in the latter case, by which the great ex- 
cess of caloric is absorbed, and prevented from becoming inju- 
rious by its accumulation. 

We are ignorant of those precise differences, which consti- 
tute the distinction between venous and arterial blood, or in 
what way the function of respiration converts the former into 
the latter. A fact, however, of considerable importance, on 
this subject, has been discovered by Dr. Crawford. The 
capacity of arterial blood for caloric he found to be superior 
to that of venous blood, in the proportion of 1030 to 892. 
When, therefore, arterial blood is converted into venous, a 
considerable quantity of caloric must pass from a latent to a 
free state, and must prove an abundant source of tempe- 
rature. Now this is precisely what is constantly taking place 
in the body. Caloric is evolved by the combination of the 
inspired oxygen with carbon; but as the capacity of blood for | 
caloric is, at the same time, enlarged, its temperature is not 
raised by being thus arterialized. In its progress through the 
system, the blood again suffers a diminution of capacity; and 
the caloric, which it had carried in a latent form to the re- 
motest extremities, is extricated, and applied to the support 
of animal temperature. ‘This theory explains why the heat 
is not excessive in the lungs, but is equally distributed over 
the whole body. In animals, placed in a high temperature, 
Dr. Crawford has added the important fact, that the change 
of arterial into venous blood does not go on; and no addition 
of temperature is, therefore, derived from this source. Ano- 
ther cause, limiting the heat of the body under such circum- 
stances, is the excessive evaporation which takes place from 
the surface of the skin, and which is indicated by a loss of 
weight of no inconsiderab!e amount.* 


* Nicholson’s Journal, xvii. 215, 
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It is not in the lungs only that the blood exerts an action 
on atmospherical air; for a similar function, it appears, be- 
longs to the skin throughout the whole body. If the hand 
be confined in a portion of atmospherical air or oxygen gas, 
it has been ascertained that the oxygen disappears, and is 
replaced by a portion of carbonic acid. At the same time, a 
considerable quantity of watery fluid transpires, and may be 
collected by a proper apparatus. 

The blood is subservient to various important uses in the 
animal economy. It is a source, from which are constantly 
prepared a variety of other substances, both sclid and fluid, 
that are essential to our well being, and even to our existence. 
From the blood is derived the solid matter of the bones them- 
selves; it does not, however, exist in the blood in the state 
of sub-phosphate of lime or bone earth; but appears to be 
produced, from the wltimate elements of blood, on the very 
spot where its presence is required.* The muscles, which 
are affixed to the bones, and which, acting as levers, enable 
us to change our situation at pleasure, are referrible to the 
same source; and so also is all the variety of animal fluids, 
which perform a necessary part in the economy of this com- 
plicated machine. ‘The solids and fluids, thus produced, are 
sometimes elaborated by complicated organs called glands, 
and are then termed secretions. A sufficiently exact and com- 
prehensive knowledge of the business of secretion would have 
been attained if we were able to discover, in the secreted 
solids or fluids, substances analogous to those which are found 
in the blood, and no others. But in many secretions we find 
principles bearing no resemblance to albumen, fibrin, or any 
of those fluids that form the proximate elements of the blood. 
In these cases, nature must have gone farther in the work of 
separation: and, after disuniting the ultimate principles of 
the blood, have re-combined them in a new manner and in 
different proportions. ‘This is a species of synthesis, which 
we have hitherto not been able to imitate in substances of the 
animal kingdom, and in very few instances even in vegetable 
products. 


* Berzelius’s Animal Chemistry, p, 19. 
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SECTION II. 


Of the Secretions subservient to Digestion; viz. the Saliva, ihe 
Gastric and Pancreatic Juices, and the Bile. 


SALIva is a liquid secreted by certain glands, and poured 
into the mouth, for the purpose of being mixed with the food 
during mastication. It is a slightly viscid liquor, of a saltish 
taste, destitute of smell, and of a white colour, or with a 
slight tinge of blue. Its specific gravity, according to Haller, 
is as 1960 to 1875, or, according to Siebold, as 1080 to 1000. 
The latter author has compared its consistence to that of a 
solution of one part of gum in forty parts of water. It is 
neither acid nor alkaline, and has therefore no effect on blue 
vegetable colours. Its quantity varies considerably. Nuck 
has estimated it at eight or ten ounces daily; and, during a 
mercurial salivation, several pints flow in the same inter- 
val.* . 

Saliva, when evaporated by a gentle heat to dryness, yields 
only a very small proportion of dry extract in thin semi- 
transparent plates: if the process be stopped when about a 
third only remains, crystals of muriate of soda are formed. 
I’xposed to the air, it appears to absorb oxygen, and becomes 
of a thicker consistence, whitish flocculi at the same time 
separating from it. 

There is some difficulty in effecting the diffusion of saliva 
through water; but this may be accomplished by rubbing the 
two fluids together in a mortar. ‘The solution, which is thus 
obtained, was subjected to the action of tests by Dr. Bostock.t 
Bichloride of mercury produced no immediate effect; but, 
after some hours, a light flocculent coagulum separated, leaving 
the liquid nearly transparent. The same test produced a still 
less striking effect in the filtered portion of some saliva, which 
had been several days exposed to the atmosphere. Infusion 
of galls precipitated white flakes, from the recent but not from 
the filtered liquor. The filtered fluid was copiously precipi- 
tated by Goulard’s extract, and by nitro-muriate of tin. 


* Fourcroy, Systéme, 4to, v, 268. + Nicholson’s Journal, xiv. 147. 
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From these experiments, Dr. Bostock infers, that saliva con- 
tains coagulated albumen, and also a quantity of mucus and 
muriate of soda, but no gelatine. ‘To the quantities of each, 
he considers the following as an approximation : 
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Berzelius has lately published a more exect analysis of 
saliva.* Its constituents are 
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When exposed to the agency of galvanic electricity, Mr. 
Brande has found that saliva, even after being first boiled in 
water, gives an abundant coagulation, and a_ separation of 
alkali round the negative pole, though neither acids, nor any 
of the common agents, showed the presence of albumen. 
Hence it appears that this substance may form part of an 
animal fluid, and yet not be discoverable by the common tests. 
In saliva Mr. Brande supposes that it is united with an alkali 
(probably soda) which, in this state of combination, loses its 
property of affecting vegetable colours. 

The Gastric Juice is a fluid which is poured out upon the 
inner surface of the stomach, and is possessed of very extra- 
ordinary powers as a solvent. One of the great obstacles to 
an accurate analysis of it is the difficulty of procuring it suffi- 
ciently pure, and free from admixture with the contents of 


* Thomson’s Annals, iil. 25. t Philosophical Transactions, 1809. 
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the stomach. It has been generally collected from animals, 
which have been kept, for some time before being killed, 
without food. In this state, it is a transparent liquor, having 
a saline and somewhat bitter taste, and containing neither un- 
combined acid nor alkali. It precipitates nitrate of silver ; 
and, when evaporated, gives a solid residuum, which is deli- 
quescent, and has an unpleasant smell. By the action of 
acids, a small proportion of albumen is discovered in it, and 
gelatine or mucus remains in solution. Vauquelin always 
found phosphoric acid in the gastric juice of herbivorous 
animals, whilst, on the other hand, that of man and carnivo- 
rous animals seldom gave any visible traces of free acid or alkali. 
The contents of the stomach, however, during the process of 
digestion, are almost always acid, but the nature of the acid has 
not been clearly ascertained. It is evidently, Dr. Prout ob- 
serves, a volatile acid, because its effects on litmus paper dis- 
appear on drying. (Ann. of Phil. xii. 271.) 

This imperfect account of the properties of the gastric juice af 
fords, it must be confessed, no explanation of the solvent power, 
which it exerts on all animal and vegetable substances. Even 
out of the body it appears, from the experiments of Spallan- 
zani, to retard the putrefaction of animal substances, and to 
reduce them to astate somewhat similar to that in which 
they are fonnd after having been some time in the stomach, 
On substances taken into that organ its solvent power is even 
still more remarkable. In Dr. Stevens’s experiments, hollow 
silver spheres, perforated with small holes and containing 
animal and vegetable food, were swallowed by a man who 
possessed the faculty of doing this without injury, and with 
the result that the food was-always dissolved, and the vessel 
voided in an empty state. After death, it appears from the 
observations of Mr. Hunter, that the stomach itself is some- 
times eroded by the gastric juice, large holes having been 
found in it from the action of that fluid. These facts, as well 
as the power of the gastric juice in coagulating milk, which 
in all animals appears to be the characteristic property of the 
gastric juice, are quite inexplicable on any known chemical 
principle. 

The contents of the stomachs of animals feeding exclusively 
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_on vegetable food, even when about to wae pylorus, and ~ 
apparently fully digested, exhibit no traces of albumen. This 
change, Dr. Prout observes, requires the action of the pan- 
creatic and biliary fluids, and is not distinctly visible till the 
food has passed some distance into the duodenum. Digestion, 
therefore, though begun in the stomach, is only imperfectly 
performed in that organ. | 

The paNcrEaTic JUICE has not been examined with any 
attention. The only observations which we possess Fespect- 
ing it, are those of Dr. Fordyce. He found it to be a colour- 
less liquid, slightly saline to the taste. By evaporation, mu- 
riate of soda was obtained, and the same salt was indicated also 
by nitrate of silver. Hence we may conclude it to be analo- 
gous in composition to the saliva. 

The BiLs is one of those fluids, which has attracted pecu- 
liarly the notice of chemists, and which is, therefore, better 
understood than most others. It is to the labours of Four- 
eroy, and still more recently of Thenard,* who has published 
two memoirs on the bile, that we are chiefly indebted for our 
knowledge of its composition. 

The bile of the ox, from the greater quantity of it which 
may be procured, has been mostly the subject of experiment. 
Its colour is commonly yellowish green, and very rarely deep 
green. When mixed with syrup of violets or infusion of * 
turnsole, it produces no other change than what any other 
liquid of the same colour would effect. Its taste is bitter and 
at the same time sweetish, and excessively nauseous. Its 
smell is peculiar; and something like that of melted fat. Its 
specific gravity is 1026; its consistence variable, from that of 
a thin mucilage to that of synovia. Sometimes it is limpid, 
and, at others, contains flocculi of a yellow matter, which may 
easily be separated by water. 

When submitted to heat, ox-bile first deposits a portion of * 
coagulated matter, and yields a liquid, which has the peculiar 
smell of bile, and which throws down a white precipitate from 
acetate of lead. ‘The solid residuum has a yellowish green 
colour; is very bitter; somewhat deliquescent ; and entirely 
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soluble in ~ in alcohol. It melts at a moderate heat, 
and is decomposed by a still stronger one, the products being 
more oil, and less carbonate of ammonia, than from animal 
matters in general. A very bulky coal containing several 
neutral salts remains in the retort. ‘Lhe salts extracted from 
this coal, ing them in the order of their quantities, are 
muriate of soda, phosphate of soda, phosphate of lime, and 
sulphate of soda. ‘Traces, also, are discovered of oxide of 
iron: = , 

The uncombined soda in bile does not exceed =1, its weight; 
and as this very minute quantity of alkali must be quite in- 
capable of dissolving the large proportion of resin, which 
exists in that fluid, Thenard was induced to turn his attention 
to the discovery of some other solvent of resin, existing as a 
component of bile. Acetate of lead (the common sugar of 
lead of commerce) precipitates, he found, not only the resin, 
but the peculiar substance of which he was in search, in union 
with oxide of lead. But an acetate with a larger proportion 
of base (formed from eight parts of sugar of lead and one of 
litharge) produced a different effect; and precipitated only 
the albumen and the resin. When the remaining liquid was 
filtered, and the lead separated by sulphureted hydrogen gas, 

it gave, on evaporation, a residue having less bitterness and 
| considerably sweeter. In this state, the solvent of the resin 
could not be considered as pure, since it retained in solution 
a quantity of acetate of soda, arising from the decomposition, 
by the acetate of lead, of the salts of soda existing in the 
bile. He again, therefore, precipitated the solution by ace- 
tate of lead saturated with oxide, and obtained an insoluble 
compound of the peculiar matter and oxide of lead. This 
was dissolved in vinegar, the oxide of lead separated by sul- 
phureted hydrogen, and the acid expelled by evaporation. 

This substance, to which Thenard has given the name of 
picromel, possesses the property of rendering the resin of bile 
easily soluble in water. ‘Three parts are sufficient to one of 
the resin. The characters of picromel are, that it is insoluble 
in water and alcohol, and incapable of being crystallized ; 
that it precipitates nitrate of mercury and acetate of lead with 
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excess of oxide; and that it forms, with resin and a minute 
quantity of soda, a triple compound, which is not decom- 
posable by acids, nor by alkaline or earthy salts. Chevallier 
has shown that it exists in human bile taken from the gall 
bladder after death, but he could not detect it in bile dis- 
charged by vomiting. (Ann. de Chim. et Phys. ix. 400.) 
It has been analyzed by Dr. Thomson, who SMT products 
indicating 5 atoms of carbon + 3 of oxygen + 1 of hydrogen. 
(Ann. of Phil. xiv. 70.) , % 

The resin is to be considered as the cause of the smell, and, 
in great part, of the colour and taste of the bile. It is solid; 
very bitter; and, when pure, green, but when melted it passes 
to yellow. It is soluble in alcohol and in pure alkalis, and 
is precipitable from the former by water, and from the latter 
by acids. 

The yellow matter appears to be peculiar to the bile, and 
to possess characters distinct from those of other animal sub- 
stances. Its presence seems to render the bile putrescent ; 
and it is, also, the source of the concretions, which form in 
the gall-bladders cf oxen. Insoluble by itself; it becomes 
soluble by the intervention of soda, resin, and picromel; and, 
whatever be the solvent, it is precipitated by acids. —In the 
analysis of bile, the first step was to separate this yellow 
matter, by adding nitric acid, and to free it from the portion 
of resin which adheres to it. Into the remainder, acetate of 
lead with excess of oxide (prepared as already directed) was 
poured, and an insoluble compound was formed, consisting 
of oxide of lead and resin, from which nitric acid detached 
the latter in the state of soft green flakes. Sulphureted hy- 
drogen was then passed through the liquid, which was sepa- 
rated by filtration from the precipitate and evaporated to 
dryness. Deducting, from its weight, that of the acetate of 
soda formed by the decomposition of acetate of lead, the 
weight of picromel was obtained. ‘The saline substances were 
determined by calcination, lixiviation, and other common pre- 
cesses. . 

In this way, the composition of ox-bile was determined as 
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The bile of the dog, the sheep, the cat, and the calf, was 
found on analysis to be precisely similar to that of the ox. 
The bile of the pig, on the contrary, contained neither al- 
bumen, yellow matter, nor picromel. It consisted merely of 
resin in great quantity, of soda, and of salts, the nature of 
which has not yet been ascertained. It was entirely decom- 
posed by acids, and even by the weakest, the acetic. 

Berzelius denies the presence of resin in bile,* and asserts 
that it is not possible to repeat the analysis of that fluid, by 
the processes which Thenard has described. ‘The substance, 
he alleges, which, in bile, resembles resin, is precipitable by 
acids; and the precipitate is a compound of the acid em- 
ployed with the green colouring matter of bile. When we 
use sulphuric acid with heat, a green liquid is obtained re- 
sembling a resin; and after saturating the acid with carbo- 
nate of baryta, the green matter is solubie in water, to which 
it imparts its own colour and bitterness. ‘This is the cha- 
racteristic ingredient of bile, which Berzelius calls biliary 
matter. He finds bile composed of 
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The bile of birds contains a large quantity of albuminous 


* 71 Ann. de Chim. 220, 
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matter. ‘The picromel, which is extracted from it, is not 
sensibly sweet; but on the contrary has a sharp and bitter 
taste. It contains a mere trace of soda, and does not pre- 
cipitate the super-acetate of lead. 

HUMAN BILE was, also, an object of Thenard’s researches; 
and his experiments, he is of opinion, have led him to 
as accurate a knowledge of it, as of any other species.— 

Its colour varies considerably; sometimes it is green, al- 
most always brownish yellow, and sometimes it is without 
colour. Its taste is not very bitter. It is seldom perfectly 
limpid; for it generally holds suspended in it a certain quan- 
tity of yellow matter, which is sometimes even present in 
such quantity, as to render the bile clotted. When it is fil- 
tered, and submitted to a boiling heat, it becomes thick and 
emits the smell of white of egg. Evaporated to dryness, it 
affords an extract, which is equal to ;1,th the weight of the 
bile. This extract, by calcination, affords precisely the same 
salts as are found in ox-bile, viz. uncombined soda; muriate, 
sulphate, and phosphate of soda; phosphate of lime; and 
oxide of iron. 

All the acids decompose human bile, and precipitate from 
it a large quantity of albumen and of resin. ‘These may be 
separated from each other by alcohol. By the application cf 
acetate of lead, no picromel can be discovered; nor is any 
other ingredient found in human bile than yellow matter, al- 
bumen, resin, and saline substances. The proportions, as« 
certained by Thenard, are the following : 
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* These are the numbers given by Thenard (Mémoires d’Arcueil, i. 57 )3 
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The yellow matter appears to be, in every respect, similar 
to that of ox-bile. ‘The resin is yellowish; very fusible; very 
bitter, but less so than that of ox-bile; soluble in alcohol, 
from which it is precipitated by water; and soluble in alkalis, 
from which it is thrown down by acids. In water it appears 
scarcely to dissolve; and yet sulphuric and nitric acids occa- 
sion a precipitate from water which has been digested on it. 

If bile be submitted to the action of galvanism, Mr. Brande 
has found that coagulation takes place at the negative pole, 
where soda also appears. At the positive pole, muriatic and 
phosphoric acids are evolved. 

The substance of the liver of the ox has been analyzed by 
Braconnot, but as there is nothing particularly important in 
the results, I content myself with referring to them. (Quar- 
terly Journal, vii. 388.) 

Bintary caLcuta. ‘The composition of biliary concretions 
differs in different animals. ‘Those of the ox contain traces 
of bile, which is removable by the action of water, after 
which they are entirely destitute of taste and smell. ‘Their 
colour is a yellow of so much beauty as to render them a va- 
luable pigment. They undergo no change at a heat below 
redness; but at this temperature they melt and swell, and 
after yielding the usual animal products, give about one-sixth 
their weight of a white matter which is phosphate of lime. 
They are nearly insoluble both in water and in alcohol; and 
with some difficulty in alkalis, from which they are preci- 
pitated, in green flocculi, by acids. Boiling muriatic acid 
takes up only a small quantity, and renders them green. 
Hence they appear to be homogeneous; and to possess pro- 
perties identical with those of the yellow matter of the bile of 
_ oxen, and of human bile. 

The calculi of the human gail-bladder have been more at- 
tentively examined than those of the ox. It had been long 
known that they enter into fusion at a low temperature, and 
that the alkalis, and the fixed and volatile oils, effect their so- 
lution. One of their distinctive characters was first pointed 


but as their sum exceeds 1100, itis probable that the error will best be cor- 
rected by reducing the proportion of water. 
VOL. i. 2 
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out by Poulletier de la Salle, viz. that of being soluble in 
boiling alcohol, and precipitable, on cooling, in the form of 
shining scales. Tourcroy afterwards discovered several im- 
portant facts respecting them, and especially their resemblance 
to the substance which has been already described under the 
name of adipocire. 

Of the calculi examined by Thenard, only a small number 
were formed of white plates, crystalline and shining, and en- 
tirely adipocirous. Many consisted of yellow lamine con- 
taining from 88 to 94 per cent. of adipocire, and six or twelve 
of a colouring substance. A few were greenish on the out- 
side, and yellow in the interior; several were covered, in 
spots at least, with a blackish brown crust, containing very 
little adipocire, but internally were like the rest. In all, ex- 
cepting the perfectly white, there were traces of bile, discovera- 
ble by the action of water.—Calculi from the intestines were 
found to be similar to those of the gall-bladder. 

It was, therefore, concluded by Fourcroy, that some of the 
calculi of the human gall-bladder consist entirely of adipocire ; 
and that others are composed of the same substance, with the 
addition of a quantity of colouring matter, which is either 
yellowish or dark brown. When of the former colour, it 
appears not to differ from the yellow matter of the bile; and 
when of the latter, to be the same substance with an excess of 
carbon. 

Chevreul, however, has given to the crystalline matter of 
biliary caiculi, the name of cholesterine, because it differs both 
from spermaceti and from adipocire in not being capable of 
affording a soap with alkalis. He has found, also, that when 
heated with an equal weight of strong nitric acid, a peculiar 
acid ts formed, which he terms the cho/esteric. ‘This acid se- 
parates on cooling in the form of a yellow substance. It is’ 
scarcely soluble in water, but dissolves in alcohol, and may 
be crystallized by evaporation. ‘Lhe salts, which it forms 
with potassa, soda, and ammonia, are very soluble; with 
other bases it gives compounds which are difficultly soluble. 
By a heat above that of boiling water, it is decomposed.* 


* Ann, de Chim, et Phys. vi, 401. 
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SECTION Ill. 
Of Milk, Eggs, and Chyle. 


Tue milk is a fluid, which is secreted, by animals of the 
class Mammatia, for the nourishment of their young. Though 
differing considerably in the different species of animals, yet 
it admits of the following general description : 

Tt is an opaque liquid, of a white colour, with sometimes a 
slight tinge of blue or yellow. Its taste is sweetish and grate- 
ful; but varies occasionally, as does its colour also, with the 
food of the animal. Its specific gravity is variable ; that of 
cows’ milk, according to Brisson, being about 1020, and that 
of ewes’ milk 1040. 

The milk may be resolved, partly by dandite, and partly 
by agents that do not essentially alter the nature of its com- 
ponents, into three proximate ingredients, the cream, curd, 
and whey. 

The cream rises, as is well known, to the surface of 
milk after it has stood for some hours; and the proportion 
may be ascertained by a very simple instrument, proposed by 
Mr. Johnson. It consists of a glass tube, 10 inches long, 
graduated into 100-equal parts, into which the recent milk is 
to be put, for spontaneous separation of the cream.* Cream 
has many of the properties of an oil; is smooth and unctuous 
to the touch; and stains cloth in the same manner as other 
fat substances. By standing for some days, it becomes gra- 
dually thicker, and at length forms a soft solid, in which the 
flavour of cream is no longer perceived, and that of cheese is 
substituted in its place. Cream, of the specific gr pee 0244, 
is composed, according to Berzelius, of 


Pte 22s ee a oe, OS 
Cheese ae, hs Sees EBS 
Whey a os nals sige ea os 92.0 


100. 


* Thomson’s Annals, x. 304. 
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But as 92 parts of whey contain 4.4 of sugar of milk and 
salts, it follows that cream contains 12.5 per cent. of solid 
matter. 

When cream is agitated, as is done by the common process 
of churning, it separates into two parts, a thick animal oil, 
well known by the name of butter, and a fluid which possesses 
exactly the same properties as milk that has been deprived of 
its cream. ‘This change has been supposed to be owing to 
the combination of the cream with the oxygen of the atmo- 
sphere ; but it takes place, though perhaps not equally well, in 
vessels from which the air is excluded. 

Butter has generally a yellow colour and a soft consistence. 
At the temperature of 96° or 98°, it melts, and when kept 
in this state for some time, a portion both of whey and curd 
separates from it. Its transparency is thus increased, but its 
taste, at the same time, rendered less agreeable. In this state, 
however, it may be kept longer without becoming rancid ; and 
it is not improbable that it is in part by combination with the 
whey, that salt contributes to the preservation of butter. 
Butter, therefore, may be considered as an animal oil, united 
with a portion of whey and of curd. 

When milk, either deprived or not of its cream, is mixed 
with certain substances, or even allowed to stand till it be- 
comes sour, it undergoes a change which is called coagula- 
tion, consisting in its separation into a solid substance termed 
curd, and a fluid called whey. ‘This change may be effected 
by several agents; by all acids, and by many neutral salts; 
by gum, sugar, and certain vegetable juices; by the gastric 
fluid; and especially by the infusion of the inner coat of a 
calf’s stomach called reznet. ‘The precipitation by acids, 
Scheele has explained, by supposing that they form, with the 
curd, a combination which requires more water for solution 
than milk contains;* and accordingly the curd is found al- 
ways to contain a portion of that acid by which coagulation 
has been produced. But, in other cases, the coagulation 
cannot be thus accounted for; and is, indeed, altogether in- 
explicable. Thus the infusion of a piece of calf’s stomach, 


* Essays, p. 267. 
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not larger than halfa crown, coagulates a quantity of milk 
sufficient for making a cheese of sixty pounds’ weight; * al- 
though the quantity of coagulating matter cannot in this case 
exceed a few grains. 

The curd of milk, when pressed, salted, and partly dried, 
composes cheese. In good cheese, however, there is always 
a large proportion of iciesom, which is enveloped in the curd, 
and is not afterwards easily separable. Curd, therefore, for 
exhibiting its chemical properties, should be prepared from 
milk, which has been deprived of cream, and should be made 
by the intervention of rennet. It is a white solid substance, 
insoluble in water and in alcohol, but readily soluble in pure 
alkalis, and precipitable therefrom by acids, though in a state 
more like tallow than the original curd. iear solution in 
alkalis, a strong smell of ammonia is produced; and hence 
curd appears to be converted, by their action, into volatile 
alkali and fat. Liquid ammonia also dissolves curd, and it 
appears to be soluble by the pure alkaline earths. From the 
resemblance of its properties to those of the coagulated white 
of an egg, Scheele was induced to regard cheese as identical . 
with albumen ; and it is not improbable that if the curd could 
be obtained perfectly pure, their properties would exactly 
agree. By the combustion and calcination of curd, it appears, 
however, to afford a larger proportion of phosphate of lime 
and other saline substances, than is obtained from the coagu- 
lated white of an egg. 

Berzelius found that the ashes, obtained by incinerating 
cheese, amount to 6.5 per cent. of its weight. The ash con- 
sists chiefly of earthy phosphates, with a little pure lime; 
but contains neither alkali nor oxide of iron. Cheese, di- 
gested with muriatic acid, loses its earthy phosphates, and 
afterwards burns away without leaving any ash. The presence 
of so large a quantity of the earthy phosphates, in the most nu- 
tritious part of milk, may be regarded, Berzelius justly ob- 
serves, as a wise provision of nature; and peculiarly adapts 
milk to the nutrition of young animals, in whose economy 


* Wolland’s Cheshire Report, p. 268. 
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there exists the greatest demand for the earthy phosphates, 
for the purpose of ossification. 

Cheese is generally considered as insoluble in water; but 
if it be precipitated from milk by sulphuric acid, then well 
pressed, and digested with carbonate of baryta, cheese affords 
with water a yellowish solution resembling a solution of gum. 
The solution boiled in an open vessel becomes covered with a 
white pellicle, precisely as milk does, and acquires the smell of 
boiled milk. 

Cheese produces, with the mineral acids, the same combi- 
nations as albumen and fibrin, though its neutral compounds 
are less soluble than those of fibrin. A great excess of acetic 
acid is required to dissolve cheese, and the neutral compound 
formed with this acid appears to be insoluble. When it has 
not been completely separated from butter, this floats upon 
the surface of its solution in acetic acid. Alcohol converts 
cheese into an adipocirous and foetid substance. 

In addition to the substances before found in cheese, Proust 
has discovered two new ones, viz. a combustible acid and a 
_ combustible oxide, both of which he believes to be the pro- 
duce of the fermentation of the curd. ‘They may be obtained 
as follows :—The curd of milk is to be kept several days under 
water, and then put into a bottle containing water enough to 
cover it a few inches, the mouth being closed by a small plate 
of glass. No gas is evolved; but acetic, phosphoric, and 
caseic acids are produced, all saturated with ammonia, which 
is generated at the same time. ‘The fluid may be withdrawn, 
and replaced by fresh water, when the same changes will go 
on as before. ‘These washings, evaporated in a silver basin 
and left to stand a few days, solidify into a saline mass slightly 
transparent, and tasting strongly of cheese. ‘The three salts 
already mentioned are to be dissolved by alcohol, and the so- 
lution boiled with carbonate of lead. ‘The phosphoric acid, 
forming an insoluble salt, is thus separated ; and the mixture 
of caseate and acetate of lead is to be decomposed by sulphu- 
reted hydrogen. The two acids remaining in solution are 
separated from each other by distillation, the acetic only 
being volatile. 
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Caseic acid is of the colour and consistence of syrup; red- 
dens litmus paper; and has an acid bitter taste mixed with 
that of cheese. It concretes, on standing, into a granular 
transparent mass like honey. It does not affect lime water, 
muriate of tin, or acetate of lead. It precipitates the oxides of 
silver, gold, and mercury, but not the oxides of metals that 
more strongly attract oxygen. With infusion of galls, it pro- 
duces a thick white precipitate. Nitric acid converts it into 
oxalic acid, forming at the same time a little benzoic acid and 
some of the yellow bie principle. 

Caseate of ammonia hasasharp saline bitter taste mixed Sieh 
that of cheese, to which indeed it appears chiefly to commu- 
nicate flavour. It always contains an excess of acid, and is 
not crystallizable. 

The caseous oxide vemains after the action of alcohol on the 
saline mass before described, constituting a bulky white pow- 
der. Itis to be purified by washing with water till deprived 
of all cheesy taste ; and afterwards by boiling in water, filtering, 
and evaporation, during which the oxide forms films on the 
surface, which are to be separated, washed, and dried. It is 
almost tasteless, soft to the touch, crumbles under the fingers, 
and when pressed hard has a peculiar greasy feel. It begins to 
dissolve in water at 140°. Hot alcohol dissolves very little, 
and it separates on cooling in crystalline grains. It is insolu- 
ble in ether, but disappears rapidly in liquid potassa. 

Caseous oxide occurs frequently in cheese in detached points, 
and forms those small particles which affect the teeth like an 
earthy and dry substance. ‘The oxide and caseate of ammo- 
nia together constitute from 30 to 35 per cent. of good cheese. 
(Qua rterly Journ. vii. 391.) 

‘The whey, or liquid which remains after the separation of 
all the curd, is a thin and almost transparent fluid, of a 
yellowish green colour and a pleasant sweetish taste. It still 
contains, generally, a portion both of curd and of butter; 
the former of which may be separated by a boiling heat, in 
the form ofa coagulum. The buttery matter, also, separates 
by heat, especially if the whey be previously allowed to be- 
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come sour.* Whey contains, indeed, in its recent state, some 
uncombined acetic acid. 

When whey which has been deprived, as much as possible, 
of the butter and curd, is slowly evaporated, it yields the 
substance, already described under the name of sugar of milk. 
Besides this substance, it contains, also, several saline bodies, 
viz. muriate of potassa, phosphates of lime and of iron, and 
sulphate of potassa ; and a peculiar animal matter, which gives 
a precipitate with infusion of galls, and affords carbonate of 
ammonia by distillation. Sour whey contains also a peculiar 
acid called the lactic. | 

From this account of the composition of milk, several pro- 
perties of the entire fluid may be understood. When fresh 
milk is boiled, its albuminous part is not coagulated into a 
mass like the white of an egg, on account of the large quan- 
tity of water through which it is diffused; but a thin pellicle 
forms on the surface, which, if removed, is immediately re- 
placed by another; and thus the whole of the albumen may 
be separated in successive portions. If the pellicle fall to the 
bottom, it becomes burnt, and gives the milk a peculiar 
flavour. : 

In order to procure butter from milk, it is not necessary, 
in the first place, to separate the cream; for butter may be 
obtained at once by the churning of milk, and has then the 
name of milk-butter. It is inferior, however, to butter made 
from cream, in consequence of its containing a larger pro- 
portion both of whey and of curd. 

Milk is susceptible of the vinous fermentation, and is em- 
ployed, by the Tartars, in making a sort of wine, which they 
call Koumiss.* It is prepared chiefly from mares’ milk, and 
has an agreeable sweetish taste. By distillation, it yields a 
considerable quantity of alcohol. What is most remarkable 
with respect to this fermented liquor, is that it does not appear 
to owe its origin to the saccharine part of the fluid; for Four- 
croy and Vauquelin have found that milk, after fermentation, 
yields as much sugar of milk as before. 


* Cheshire Report, page 262. + 37 Phil. Mag. 6. 
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There appears to be a considerable difference in the quality 
of the milk of different animals. Human milk is sweeter 
than that of cows; and yields a larger proportion of cream ; 
but from this the butter cannot be separated by agitation. It 
deposits, also, a part of its curd by mere repose. Asses’ 
milk bears a stronger resemblance to human milk than to any 
other. The cream is but in small quantity, and yields a soft, 
white, and nearly tasteless butter. ‘The curd is so abundant, 
as even to separate on standing, before the milk becomes sour. 
Goat’s milk yields a remarkably thick and unctuous cream, 
and abounds also in curd. ‘The milk of sheep bears a strong 
resemblance to that of cows, and -yields a large proportion of 
curd of a fat and unctuous kind. Mares’ milk is thin, in- 
sipid, and affords very little cream, from which it is very 
difficult to separate any butter by agitation. 

The constituents of skimmed cows’ milk are stated by Ber- 
zélius as follows :* 


WW AlCl aes 5 to Cale pws oo shat thm peu SOO 
Cheege, with a trace of butter ...,..... 28.00 
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1000. 
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Eggs have lately been attentively examined by Dr. Prout, 
(Phil. Trans. 1822), in the course of an inquiry into the 
changes that occur during incubation. The specific gravity 
of new laid eggs was found to vary from 1.080 to 1.090. By 
long keeping, they become specifically lighter than water, in 
consequence of the substitution of a quantity of air, for the 
water which escapes through their pores. They suffer also a 


* Thomson’s Annals, iil, 27. 
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great loss of weight, amounting on an average to little short of 
a grain per day. Of an egg ees 1000 grains, the shell 
constitutes about 106 grains, the white 604, and the yolk 290, 
or thereabouts. 

Eges lose a little of their weight by being boiled, and the 
water becomes impregnated with about 0.3 grains of saline 
matter from an egg of common size. This saline fluid is found 
on evaporation to be strongly alkaline, and to contain also 
animal matter, sulphuric and phosphoric acids, chlorine, lime, 
magnesia, and carbonates of those earths, all elcck substances 
exist both in the white and the yolk. 

The shell contains about 2 per cent. of animal matter, with 
1 per cent. of phosphates of lime and magnesia, the rest being 
carbonate of lime with a little carbonate of magnesia. Vau- 
quelin found, also, in the burnt shells, traces of iron and sul- 
phur. 

The yolk of the egg, besides the more common ingredients 
of animal fluids, conteine a considerable portion of uncom- 
bined phosphorus; which, when the dried yolk is burnt, forms 
a glassy coating of phosphoric acid, that effectually defends the 
charcoal from combustion. In the white of ege, which, as 
has been already stated, consists chiefly of alvumen, sulphur 
exists in a free state, and by combustion becomes, as Berze~ 
lius has remarked, changed into sulphuric acid. The yolk 
communicates to heated alcohol a deep yellow colour, and on 
cooling, crystals ofa sebaceous matter are deposited, and a por- 
tion of a yellow semi-fluid oil. On distilling off the alcohol, the 
oil may be obtained separate. In one instance, the yolk, weigh- 
ing 316.5 grains, contained 170.2 water, 55.3 albumen, and 91 
yellow oil; but these proportions varied in different instances. 
The proportions of the saline matter, both of the white and 
yolk to each other, appear liable, also, to considerable variation. 


Of Chyle. 


The chyle has been lately examined by Mr. Brande, who 
obtained it from the thoracic duct of an animal, about four 
hours after taking food. If taken at a longer interval, it is 
mixed with a greater or less proportion of lymph. When 
unmixed with blood, it has the following properties. 
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1. It is an opaque fluid of a perfectly white colour, without 
smell, and having a slightly salt taste, accompanied by some 
degree of sweetness. 

2. It does not affect the colour of litmus or turmeric, but it 
slowly changes violet paper to green. 

3. Its specific gravity somewhat exceeds that of water, but 
is less than that of biood. 

4. In about ten minutes after being taken from the duct, it 
assumes the appearance of a stiff jelly, which in the course of 
24 hours separates into two parts, producing a firm and con- 
tracted coagulum, surrounded by a transparent colourless fluid. 
Its spontaneous changes, indeed, bear a striking resemblance 
to those which take place in blood. 

The coagulated portion has a closer resemblance to the 
cheese of milk, than to fibrin. It is rapidly dissolved both 
by pure and subcarbonated alkalis, forming pale brown com- 
pounds. Its solution in liquid ammonia is of a reddish hue. 
The acids throw down a substance intermediate between fat 
and albumen, which an excess of nitric acid redissolves in the 
cold; and sulphuric, muriatic, and acetic acids, by boiling for 
a short time, also dissolve it. 

Sulphuric acid, diluted, dissolves the coagulum, unless the 
water be increased to six times the weight of the acid. Al- 
kalis do not precipitate the solution. It is transparent, of a 
pale brown colour, and, after the addition of alkali, is decom- 
posed by infusions of tan. 

When the coagulum is kept some wecks in one part of 
nitric acid, and 15 of water, it is converted into adipocire. 
Muriatic, acetic, and oxalic acids dissolve the coagulum; but 
neither citric nor tartaric have any action on it. 

The serous part of the chyle, when heated, becomes slightly 
turbid, and deposits flakes of albumen. The clear liquid, by 
evaporation to half its bulk, deposits crystals, bearing a strong 
resemblance to sugar of milk. They are soluble in 20 parts 
of water at 60° Iahrenheit, or in four of boiling water, and the 
taste of the solution is extremely sweet. By nitric acid, they 
are converted into a white powder, having the properties of 
saccholactic acid, as described by Scheele. 

The destructive distillation of the serous part of chyle 
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afforded a minute quantity of charcoal, with traces of phos- 
phate of lime, and of muriate and carbonate of soda. 

From these experiments, it appears that chyle bears a 
striking analogy to milk, not only in its external appearance, 
but in chemical properties and composition. It must be ac- 
knowledged, however, that the results, which have been de- 
scribed, are not perfectly coincident with those obtained by 
Emmert and Vauquelin, each of whom submitted to analysis 
the chyle of the horse. Eimmert was unable to discover the 
smallest trace of sugar of milk; * and Vauquelin found also, 
Ist, a large proportion of albumen; 2d, a smaller one of 
fibrin; 3d, a fatty substance, which gives to the chyle the 
appearance of milk ; and 4thly, several salts, such as potassa, 
muriate of potassa, and pro-phosphate of iron.j Berzelius, 
also, appears to distrust the analogy between chyle and milk. 

The most recent examinations of the chyle are by Drs. Mar- 
cet and Prout, who compared the chyle from two dogs, the 
one exclusively fed on animal, the other on vegetable food. 
Their results are contained in the following Table. (Ann. of 
Phil. xv. 25.) 


Vegetable Food. Animal Food. 
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——<>——. 
SECTION IV. 


Of the Mucus of the Nose; the Tears; the Humours of the 
Eye ; and the Liquor of Surfaces and of Cavities, &c. 


1. The mucus of the nose was examined by Fourcroy and 
Vauquelin, in the state in which it is discharged during catarrh. 


* 80 Ann. de Chemie, 81. + 81 Ann, de Chimie, 118. 
{ View of Animal Chemistry, p. 74. 
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Its principal qualities appear to be owing to the large propor- 
tion, which it contains, of the substance termed by Dr. Bos- 
tock animal mucus. By exposure to the air, this substance 
becomes viscid ; but, when recently secreted, its consistence 
does not appear to be thicker than that of tears. It contains, 
besides other neutral salts, a small proportion of carbonate of 
soda; and hence it precipitates the solutions of baryta and of 
lime. Water does not dissolve it, and it can only be brought 
into a state of diffusion by agitation. The acids thicken 
it, when used in small quantity; but in a larger propor- 
tion they dissolve it. Pure liquid alkalis decompose it, and 
extricate ammonia. Chlorine renders it thick and dry; and 
reduces it to a state almost resembling parchment. 
Berzelius found the mucus of the nose to consist of 


Ver ee ha so ec eae cen ale «thee eek oe 
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Albumen and animal matter, insoluble 3.5 
in water, but soluble in alcohel.... < 


1000. 


2. The tears appear to differ from the mucus of the nose in 
no respect, except in being of a more fluid consistence. ‘They 
are perfectly pellucid, have a saline taste, and a specific gra- 
vity rather greater than that of water. They change the colour 
of syrup of violets to green, owing to their containing a por- 
tion of uncombined soda. Mr. Hunter found that when tears 
are exposed to a temperature of 160°, a coagulum is formed ; 
and that a substance still remains in solution, which is coagul- 
able by Goulard’s extract of lead. These properties indicate 
the presence both of albumen and of mucus. By evaporation, 
the tears afford a yellow extract, which is insoluble in water, 
but is readily soluble in alkalis. Sulphuric acid disengages 
from this extract both carbonic acid and muriatic acid gases. 


*87 Ann. de Chim, 113. + View of Animal Chemistry, p. 74. 
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After its combustion, phosphate of soda and phosphate of lime 
are also discovered in it. Fresh tears are decomposed by 
chlorine, and a precipitate is thrown down in flakes, which 
resembles the matter obtained by evaporation. ‘Tears, there- 
fore, are composed of water; an animal fluid resembling 
albumen ; another fluid which is probably mucus ; and various 
neutral salts. 

3. The humours of the eye. ‘The aqueous humour is a clear 
transparent liquid, of the specific gravity 1009. It has little 
smell or taste, and scarcely affects blue vegetabie colours. By 
evaporation it leaves a residuum, amounting to about 8 per 
cent. Boiling occasions a slight coagulation; and tan preci- 
pitates it, both before and after being heated. Nitrate of silver 
precipitates muriate of silver from it, but no other metallic 
salts affect it. Hence it may be inferred, that the aqueous 
humour consists of a large proportion of water; and of albu- 
men, gelatine, and several neutral salts. 

The vitreous humour agrees with the aqueous as to the 
nature of its ingredients, and differs only in their proportion. 
In the crystalline lens, both albumen and gelatine are present 
in considerably larger quantity. It is soluble in cold water ; 
but the solution is coagulated by heat, and by the addition of 
tan. Its specific gravity is nearly 1100.—It appears, there- 
fore, that all the humours of the eye are composed of the same 
ingredients, and differ only in the proportion which they bear 
to each other. 

A recent analysis of the humours of the eye by Berzelius, 
has determined their composition as follows: | 


Aqueous Humour. Vitreous Humour. 
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The lens of the eye was found to be composed of 
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In the ashes of the crystalline lens, Berzelius found only 
minute traces of iron; but in those of the black matter which 
covers the choroid coat, he discovered a large proportion of 
the oxide of that metal.* | 

4, Liquor of surfaces. On the surface of every cavity 
throughout the body a fluid is constantly poured out, in suffi- 
cient quantity to lubricate the parts; and occasionally, also, 
to keep certain cavities in a state of distension. ‘To this head 
may be referred the fluid which moistens the pleura and the 
peritoneum, and the contents of the pericardium, of the ven- 
tricles of the brain, and of the amnios. It is only a part of 
these, however, that have been accurately examined. 

The liquor of the pericardium has been analyzed by Dr. 
Bostock. It had the appearance of the serum of the blood; 
and when exposed to the heat of boiling water, became opaque 
and gelatinous. By slow evaporation it left a residuum equal 
tol; of the whole. It was precipitated by bichloride of 
mercury; after the action of which infusion of galls had no 
effect, but a copious sediment was produced by Goulard’s ex- 
tract. From these characters; Dr. Bostock is disposed to con- 
sider it as a compound of albumen and mucus with muriate of 
soda and water, but without any gelatine. The following 
proportions he assigns as approximations: 
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The liquor of the amnios, or the fluid which surrounds the 
foetus, is stated by Vauquelin and Buniva to be remarkable, 
in the cow, for affording a peculiar acid, already described 
under the name of the amniotic; but Dr. Prout, who has 
since examined this liquor with much attention, was not able 
to detect any such principle.| ‘The liquor, on which he made 
his experiments, had the sp. gr. 1.013. Its taste was bland 
and sweetish like fresh whey; and, when concentrated by 
evaporation, it yielded crystals of sugar of milk. It consisted 
of 
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In the human subject, the composition of the liquor of the 
amnios is entirely different; none of the ammiotic acid appear- 
ing to exist in it. The only ingredients, that are found in it, 
are albumen, gelatine, with a portion of muriate and carbonate 
of soda and some phosphate of lime. It is precipitated by 
heat, by acids, by alcohol, and by infusion of galls. 

5. Lymph. The fluid found in the thoracic duct of animals 
that have been kept 24 hours without food, is perfectly trans- 
parent and colourless, and seems to differ, in no respect, from 
that which is contained in the lymphatic vessels. Its proper- 
ties are described by Mr. Brande as follows: 

(a) It is miscible in every proportion with water. 

(b) It produces no change in vegetable colours. 

(c) It is neither coagulated by heat, by acids, nor by al- 
cohol, but is rendered slightly turbid by the last-mentioned 
agent. 

(d) It gives, on evaporation, a very sparing residuum, which 
turns the colour of violet paper green. By incineration, this 
matter gives a very little muriate of soda, but no iron, 

(ec) When submitted to electrical action, there was an evolu- 
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tion of alkali, and a separation of albumen, at the negative 
pole. At the positive wire, muriatic acid only seemed to be 
evolved. 

6. Pus.—Pus is the fluid secreted by an inflamed surface, 
generally towards the close of the inflammation. It is of a yel- 
lowish white colour, and of the consistence of thick cream ; has 
the sp. gr. 1.031 to 1.033 ; is insipid and inodorous when cold; 
and when examined by the microscope, exhibits white globules 
swimming in a transparent fluid. It produces no change on 
vegetable colours in its recent state, but becomes acid on ex- 
posure to the air. 

Pus is not easily miscible with water, and when agitated 
with it, the pus sinks to the bottom on standing. Diluted sul- 
phuric acid does not act upon it, but concentrated sulphuric, 
muriatic, and nitric acids dissolve it. Alkaline solutions 
form with it a whiteish ropey fluid, which is precipitated on 
adding water. Pure ammonia changes it to a transparent 
jelly, and dissolves a considerable proportion of it. 

Pus yields a white precipitate with nitrate of silver, and a 
still more copious and flakey one with nitrate and with bi- 
chloride of mercury. Its characters appear, however, to be liable 
to several modifications, which are described by Dr. Pearson 
in the Phil. ‘Trans. for 1810. The criteria proposed for distin- 
guishing pus from mucus, Dr. Pearson did not find at all 
satisfactory; but the following has since been proposed by 
Grasmeyer. ‘Triturate the fluid to be tried with an equal quan- 
tity of warm water; then add to it an equal portion of a satu- 
rated solution of subcarbonate of potassa; and set the mixture 
aside. If it contain pus, a transparent jelly subsides in a few 
hours, but this does not happen if only mucus be present. 
(Thomson’s Chemistry, iv. 584.) 

7. Synovia.— This fluid, which is found in the cavities of the 
joints, may, from its office of lubricating the parts in which it 
is found, he described in this place, though in composition it 
differs considerably from the liquor of surfaces. It is at first 
a viscid liquid, but soon becomes gelatinous; and, after re- 
maining some time in this state, ‘again assumes a fluid form, 
and deposits a fibrous matter. Alcohol separates from it a 
portion of albumen, but the remaining liquid remains viscid. 
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Acetic acid destroys its viscidity, and precipitates a quantity 
of white threads, which have a striking resemblance to vege- 
table gluten. The same substance is precipitated by the mineral 
acids, but not unless they are diluted with a large quantity of 
water; for in their concentrated form, they have the power of 
dissolving it. By continuing the analysis, several neutral salts 
may be obtained, and the proportions of the entire fluid have 
thus been stated by Margueron :* 
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8. The fluid of perspiration, or sweat, has been examined by 
Berzelius; but under the disadvantage of operating on a very 
small quantity. A few drops, collected and evaporated on a 
watch glass, left a yellowish residue, having all the appearance, 
under the microscope, of the usual mixture of muriates of potassa 
and soda with lactic acid, lactate of soda, and its accompanying 
animal matter. It reddened litmus, and dissolved in alcohol ; 
and was, without doubt, of the same nature as the analo- 
gous matter found in other animal fluids. The acetic acid, 
which Thenard supposed he had discovered in the fluid of 
perspiration, was most probably a product of his mode of 
operating. | 


SECTION V. 
Of the Urine and Urinary Calculi. 


THE urine, though one of the most complicated fluids of 
the animal body, containing at least a dozen different sub- 


* Ann. de Chim. xiv. 
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stances, is perhaps one of those, the composition of which is 
now best understood. Tor a long period of time, the atten- 
tion of chemists seems to have been limited to the extraction 
of phosphorus and neutral salts from urine; but a new direc- 
tion was given to their labours, by the valuable discoveries of 
Fourcroy and Vauquelin.* The analysis of the urine has 
been prosecuted, also, with ercat success, in this country by 
Cruickshank ;} in Spain by Proust ;t and more recently by that 
indefatigable philosopher, Professor Berzelius of Stockholm.¢ 
And though some important facts have been contributed by 
other persons, yet it is chiefly to these writers that we are 
indebted for the materials of its chemical history. 

The external properties of the urine need no description ; 
and indeed none would apply universally to a fluid, which is 
constantly varying, not only in the diseased but in the healthy 
state of the body. The quantity voided in each diurnal period 
is of course greatly modified by circumstances. Haller states 
it at 49 oz.; Dr. Bostock at 40 0z.; and Dr. Prout at 32 oz. 
or 2lb. avoirdupois on the average of the whole year. The 
following account of its chemical properties is to be under- 
stood as applying to the urine which is voided early in the 
morning, or at least several hours after a meal. In this state 
it has a deep yellow colour, and an intensely bitter taste. Its 
specific gravity is variable. Dr. Bryan Robinson fixes it at 
1030, water being 1000; and Mr. Cruickshank found it to 
vary from 1005 to 1033. From my own experiments, I am 
disposed to consider the number stated by Dr. Robinson as a 
fair general average. ; 

The substances, which appear to me to have been satisfac- 
torily proved to exist in healthy urine, are the following: 


1. Water. 7. Benzoic acid. 

2. Free phosphoric acid. 8. Lactic acid. 

3. Phosphate of lime. 9. Urea. 

4. Phosphate of magnesia. 10. Gelatine. 

5. Fluoric acid. 11. Albumen. - 

6.; Uric acid. 12. Lactate of ammonia. 
* Annales de Chimie, xxxi. 48. + Phil. Mag. 11. 249. 
} Annales de Chimie, xxxvi. 258. § Thomson’s Annals, ii. 416. 
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13. Sulphate of potassa. 17. Phosphate of soda. 

14. Sulphate of soda. 18. Phosphate of ammonia. 
15. Fluate of lime. 19. Sulphur. 

16. Muriate of soda. 20. Silica. 


The presence of an uncombined acid in urine is shown by 
its invariably, when recently voided, reddening blue vegetable 
colours. This effect is owing partly to the phosphoric, and 
partly to the lactic and uric acids, which urine contains; and 
Vogel has lately endeavoured to show that carbonic acid is, 
also, one of its constituents.* Berzelius imagines that the 
weakest acids are those which are most likely to remain un- 
saturated, and to produce this effect on vegetable colours; but 
Dr. Prout is inclined rather to believe that the uric acid in 
urine is united with ammonia, and hence mineral acids cause 
a precipitation from urine by saturating the ammoniacal base. 
The reddening effect he is disposed rather to ascribe to the 
superphosphate of ammonia. 

The lactic and phosphoric acids form the solvent, by which 
the phosphate of lime is retained in solution; and, if this 
portion of acid be saturated, the earthy salt is precipitated. 
Hence a few drops of pure ammonia, added to recent urine, 
occasion a white cloud, and a sediment of neutral phosphate 
of lime falls, in the proportion of about two grains from four 
ounces of urine. If lime-water be mixed with urine, a still 
larger quantity of phosphate of lime is deposited; for the 
newly added earth unites with the free phosphoric acid, and a 
quantity of phosphate of lime is generated, in addition to that 
which before existed in solution. Jn the precipitate, formed 
by either of these processes, a small proportion of magnesia is 
discoverable, which existed, no doubt, in combination with 
phosphoric acid. The sediment contains, also, according to 
Berzelius,t fluate of lime. The presence of the last-mentioned 
substance was ascertained by adding sulphuric acid, which set 
at liberty vapours of fluoric acid, in sufficient quantity to cor- 
rode glass. 

When the urine has stood for 24 hours at a mean tempe- 


* 93 Ann. de Chim. 71. 
+ Annales de Chimie, Ixi, 256; and Thomson’s Annals, ii. 416. 


SECT, V. jcose BRINE, 437 


rature, the uric acid, urate of ammonia, and phosphate of lime 
are in a great measure deposited; and still more speedily and 
completely, if the urine be first evaporated to half its bulk. 
They may be separated from each other, either by diluted 
nitric acid, which leaves the uric acid, and takes up only the 
phosphate of lime; or by calcining the mixture in a red-heat, 
which destroys the uric acid, but not the calcareous phos- 
phate. By this operation, the uric acid is found to vary con- 
siderably; but the phosphate of lime is pretty constantly in 
the proportion of a grain from two ounces of urine. The 
quantity of uric acid, obtained from urine, is greatly increased 
_ by adding to that fluid almost any other acid, and allowing it 
to stand for some days; at the end of which time small crystal- 
line grains will be found lining the inner surface of the vessel.* 

The existence of salts, containing sulphuric acid, in urine, 
is proved by adding muriate of baryta, to urine acidulated 
with muriatic acid. This excess of acid prevents the precipi- 
tation of the phosphates, which would otherwise be decom- 
posed by the barytic salt. From the weight of the precipitate, 
Berzelius computes that the proportion of sulphuric acid in 
urine exceeds that of phosphoric acid.—If nitrate of baryta, 
with an excess of nitric acid, be employed, and if the urine, 
after depositing the sulphate of baryta, be evaporated, a 
further portion of sulphate of baryta is deposited in small 
hard crystals. Now the sulphuric acid, which occasions this 
second production of the barytic sulphate, must have been 
formed during evaporation; and can only be accounted for 
by supposing, that a portion of sulphur, existing in the urine, 
has been acidified by the excess of nitric acid. 

The muriates of potassa and soda occur both in blood and 
in urine, and hence appear to pass the kidneys unchanged, 
Their presence in the latter fluid may be shown by first preci- 
pitating the phosphates and sulphates with nitrate of baryta, 
and then adding nitrate of silver. A copious precipitation in 
this case never fails to be produced. 

When urine, which has deposited its phosphate of lime and 


_ * Egan, Philosophical Magazine, xxi, 298, 
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uric acid, is submitted to distillation, a liquid condenses in 
the receiver, which has a very peculiar and nauseous smell, 
and effervesces strongly with acids, in consequence of its con- 
taining carbonate of ammonia. In the retort there remains a 
residuum, which, if evaporated to the consistence of honey, 
composes from =!- to 51 the weight of the urine. When a 
little of this extract is added to a quantity of nitric acid, 
diluted with an equal weight of water, a number of shining 
white or yellowish scales are deposited, resembling the boracic 
acid, and in the proportion of + or 2 the weight of the ex- 
tract. This precipitate is occasioned by tbe action of the 
nitric acid on the urea, which is contained in urine; and to 
the decomposition of the same substance is owing the carbon- 
ate of ammonia, obtained from urine by distillation. (See the 
section on Urea.) 

From the extract of urine, the peculiar substance, called 
urea, may be separated by digesting the extract repeatedly 
with alcohol, and decanting the solutions, which are to be 
gently evaporated. Its proportion varies very considerably ; 
but it has been stated, by Mr. Cruickshank, at about —. the 
weight of the urine, or one half that of the inspissated extract. 
The undisolved residue contains lactic acid and a number of 
neutral salts, consisting of muriate of potassa, muriate of soda, 
phosphate of soda, and phosphate and lactate of ammonia. 
Muriate of ammonia, is, also, occasionally found, and is dis- 
solved, along with the urea, by the alcohol. These salts 
admit of being separated from each other by solution and eva- 
poration. ‘The muriates, at a certain degree of concentration, 
form a pellicle, which is to be removed while the liquor is hot. 
The solution, when cold, deposits two sets of crystals; rhom- 
boidal prisms, which are the phosphate of ammonia; and 
rectangular tables, consisting of phosphate of soda. 

Along with the urea, a portion of benzoic acid is, also, 
taken up by the alcohol. The presence of this acid in urine 
may be shown, by evaporating it to the consistence of syrup, 
and pouring in muriatic acid; when a precipitate appears, 
which consists of benzoic acid. In human urine its propor- 
tion is small, and Berzelius could not even discover a trace of 
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it in the urine of children, in which Scheele states that he found 
it; but in that of herbivorous quadrupeds, so large a quantity 
exists as to be worth extraction. On the average, Vauquelin 
has shown that it forms about -4,, of the urine of this class of 
animals.* 

If human urine be evaporated to the consistence of syrup 
only, and alcohol be added, the substance remaining undic« 
solved is acid. This acid combines with ammonia, and the 
compound is soluble in alcohol. T'rom this solution the am- 
monia is disengaged by lime; and from the new salt thus 
formed, the lime may be precipitated by oxalic acid, which 
leaves the lactic acid dissolved in water. By this process, a 
small part only of the lactic acid is obtained from urine; the 
greater portion of it being dissolved by the alcohol, together 
with the lactate of ammonia. 

Albumen, gelatine, and mucus exist, also, in the urine, 
but in very variable proportion. When urine is heated nearly 
to the boiling temperature, a white flocculent precipitate often 
forms in it. This is in part phosphate of lime, thrown down 
by the ammonia resulting from the decomposition of urea; 
but it also contains coagulated albumen, which remains after 
adding muriatic acid to dissolve the calcareous phosphate. 
In dropsy, the proportion of albumen is often sufficient to 
produce a distinct coagulation both by heat and acids. Ge- 
latine is discovered, on adding infusion of galls, by a preci- 
pitate which amounts, according to Mr. Cruickshank, to s1,, 
part the weight of the urine. ‘The presence of an excess of 
albumen in urine is the characteristic symptom of. a disease 
described by Dr. Prout (on Calculous Diseases, p. 37.) But 
in general he considers the albuminous part of urine as more 
nearly allied in properties to that found in chyle than to that 
of blood. It often exists, when the urine is not coagulable by 
heat; but in this case it may be discovered by the delicate 
test of triple prussiate of potassa, aided by a few drops of 
acetic acid. 

Mucus, also, is suspended in all newly evacuated urine, 
and affects its perfect transparency. If the urine be voided 
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in different portions, the mucus, which naturally lines the 
urinary passages, is most abundant in the first, and less so in 
the subsequent portions. When recent urine is filtered, the 
mucus remains on the filter, in the form of transparent and 
colourless flocculi. The cloud, which appears in the urine 
during fever, is merely this mucus, which subsides more slowly 
than usual, in consequence of the increased specific gravity of 
the urine. From urine, filtered when warm, a greyish white 
sediment falls in cooling, which gradually acquires a reddish 
hue and a crystalline form. The greyish powder is soluble in 
caustic potassa, without any evolution of ammonia; but, as it 
becomes red and crystallized, potassa disengages ammonia from 
it in abundance. Berzelius considers it, therefore, as urate 
of ammonia with excess of acid. The deposit is partly 
soluble, also, in acetic acid, which extracts a substance having 
the characters of mucus. ‘There appears, indeed, to be an 
affinity between uric acid and mucus; for that acid separates 
mest abundantly from urine, which has not been deprived of 
mucus by filtration. In some diseases of the bladder, its 
mucous secretion appears to undergo a considerable change, 
and to assume a purulent appearance.* 

Sulphur was first discovered in urine by Proust. This 
fluid, he observes, blackens silver vessels in which it is eva- 
porated, and scales are detached which consist of sulphuret of 
silver. Sulphureted hydrogen gas, he finds also, is disen- 
gaged from urine which has been kept about fifteen days; a 
remark which has since been made also by Vogel. But the 
greatest part of the sulphur in urine is united with oxygen in 
the state of sulphuric acid, which is combined with different 
bases. 

The same distinguished chemist (Proust) supposed that he 
had discovered carbonic acid in urine, by examining the air 
bubbles which ascend from this fluid during ebullition. There 
can be little doubt, however, that the carbonic acid, thus de- 
tected, arises from the decomposition of urea by the increased 
temperature. But Mr. Brande was led to infer its presence by | 
the escape of carbonic acid from urine placed under an ex- 
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hausted receiver; and Dr. Marcet (on Calculus, p. 159), ad- 
mits that, under certain circumstances, urine may contain car- 
bonic acid. ‘To the same source, alse (urea), may be referred 
the carbonate of lime, found by Proust on the surface of 
casks in which urine had been kept. By the decomposition 
of urea, carbonate of ammonia i Mbemeds and this, re-acting 
on the phosphate of lime contained in urine, will doubtless 
compose carbonate of lime. ‘The occasional presence of the 
sulphate of soda rests on better evidence; for it frequently 
happens that only a part of the precipitate, formed by adding 
muriate of baryta to urine, is dissolved by muriatic acid; 
thus indicating the formation of sulphate of baryta. 

The acetic acid and resinous matter, which Proust imagined 
he had discovered in urine, may be accounted for by sup- 
posing, that they were produced, rather than separated, by 
the processes which he employed. At least their existence in 
healthy urine is equivocal; and it is not improbable that this 
excellent chemist mistook the lactic for acetic acid. ‘The ace- 
tic acid he obtained by distilling a fresh extract of urine with 
sulphuric acid; and the resinous matter by diluting the resi- 
due of this distillation when beginning to grow thick, with a 
large quantity of cold water; the excess of acid being after- 
wards removed by a little alkali. ‘The resin thus produced 
he found to bear a striking resemblance to castor. 

The colour and smell of urine, Berzelius ascribes to the lac- 
tic acid and accompanying animal matters; but Dr. Prout con- 
ceives that in some cases it is owing to the presence of alkaline 
purpurates. On adding pure and white urate of ammonia to 
healthy urine, he found it always to acquire a colour like that 
of uric acid calculi, till a certain quantity had been added, 
when it ceased to acquire colour on adding more. This can 
only be explained by supposing that urine contains two co- 
louring matters, one of which has an affinity for urate of am-_ 
monia, the other not. 

Berzelius discovered siliceous earth in urine by treating ex- 
tract of urine, first with alcohol, then with water, and finally 
with muriatic acid. The silica remained in the form of a grey 
powder, which, by fusion with soda, became glass. Its source 
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he apprehends to be in the water, which we drink, which al- 
most universally contains silica. 

With regard to the proportion of the different ingredients 
of urine, Berzelius finds that it differs essentially in the same 
individual, even from causes which have little influence on 
health. The following Table may be considered as showing 
its average composition. 
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The 17.14 parts of lactic acid, &c. contain a quantity of 
water, which cannot be abstracted without decomposing those 
bodies. ‘The uric acid is extremely variable ; but in the par- 
ticular instance, which furnished the above results, it was de- 
posited on cooling. ‘The earthy phosphates contain 11 per 
cent. more magnesia, than exists in the earth of bones, or in 
the ashes of blood. Much more potassa is discoverable, also, 
in urine and in milk, than in blood. 

Acidification, it has been justly observed by Berzelius, is 
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the chief healthy office of the kidneys. It is in those organs, 
that the sulphur and phosphorus present in blood are con- 
verted into sulphuric and phosphoric acids, and that a new 
acid, the uric, is generated. In some diseases, this acidifying 
tendency is carried to excess, and nitric and oxalic acids are 
generated, the former of which probably converts a part of the . 
uric acid into purpuric; and the latter, uniting with lime, 
composes oxalate of lime. In other cases, the acidifying 
process is suspended, and unchanged blood or albumen ; 
neutral substances, as sugar or urea; and even alkalis, as 
ammonia, lime, or magnesia, are abundantly separated, the 
sulphur and phosphorus at the same time escaping unacidified. 
When acids are formed in excess, the urine is scanty and high 
coloured, and the character of the disease is inflammatory. 
When neutral cr alkaline substances are redundant, the urine 
is pale and copious, and the disease is accompanied with irri- 
tation or debility. (See Prout on Calculus.) 

The putrefaction of urine is attended with a series of changes, 
somewhat analogous to those accompanying its distillation. 
The urea, which it contains, is decomposed and converted 
into carbonate of ammonia, which neutralizes all the redun- 
dant acids, and precipitates phosphate of lime. At the same 
time, the ammonia, uniting with the phosphate of magnesia, 
composes a salt, which settles in white crystals on the inner 
surface of the vessel. ‘This salt is the ammoniaco-magnesian 
phosphate, which constitutes so large a part of some urinary 
calculi. The albumen and gelatine contained in the urine 
also undergo decomposition, and flakes are deposited, which 
consist of both these substances. Acetic acid is generated, 
and becomes saturated withammonia. Acetate and carbonate 
of ammonia, and the ammoniaco-magnesian phosphate appear, 
therefore, to be the principal substances generated by the pu- 
trefaction of urine. 

Some important facts have been ascertained by Mr. Cruick- 
shank, respecting the changes that the urine undergoes in 
different diseases. In dropsy, the urine was coagulated so 
completely by heat and by acids, as to differ but little from. 
the serum of the blood. When this disease, however, arose 
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from a morbid state of the liver, the urine was not coagulable; 

but was observed to be small in quantity, high coloured, and 
to deposit a considerable portion of pink sediment (probably 
the substance rosacée of Proust.) In inflammatory affections, 
the urine was found to be loaded with albumen. In gout, 
towards the end of the paroxysm, the urine deposited a lateri- 
tious sediment, which consisted of a very minute quantity of 
uric acid, a larger quantity of phosphate of lime, and some 
peculiar animal fluid not soluble in water. The urine of 
jaundiced persons contained a small quantity of bile, which 
was discoverable by the addition of muriatic acid. Hysterical 
urine was remarkable for a larger proportion of saline ingre- 
dients, but had scarcely any animalized matter. 

The composition of the urine differs essentially in the dif- 
ferent classes of animals. Urea appears to be a constituent of 
the urine of all animals, so far as it has hitherto been exa- 
mined; but the uric acid is not found in herbivorous quadru- 
peds, the urine of which contains, instead of it, a large pro- 
portion of benzoic acid. ‘That of the horse and of the rabbit 
are remarkable for becoming milky after being voided, in con- 
sequence of the deposition of carbonate of lime. ‘The urine 
of the rabbit contains, also, carbonates of magnesia and po- 
tassa, and sulphates of potassa and lime. The urine of the cow, 
besides a larger proportion of benzoic acid, holds in solution 
carbonate and sulphate of potassa and muriate of potassa.—The 
urine of domestic fowls, which is voided through the same 
passage as the excrement, was found by Fourcroy and Vau- 
quelin, and more lately by Chevreul, to contain uric acid. 
And Dr. Wollaston has determined the proportion of uric 
acid to be greatest, in the urine of birds that feed on ani- 
mal food. In the hawk, fed on flesh only, it was remarkably 
abundant; and the gannet, feeding solely on fish, discharged 
no solid matter except uric acid.* The uric acid has been 
found, also, by Dr. Prout + to constitute upwards of 90 per 
cent. of the excrement of an animal, belonging to a different 
class, the serpent called loa constrictor. Mr. Brande, some 


* Phil. Trans. 1810. + Thomson’s Annals, v. 413. 
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years ago, discovered it in the urine of the camel. But, on 
the other hand, Vauquelin has proved that it is entirely absent 
from the urine of the lion and tiger, though fed on flesh, and 
though their urine abounds in urea.* 

Urriyary caucunr. Connected with the analysis of urine 
is that of the concretions, which are found in the bladder, 
and which occasion a disease, equally formidable from its 
symptoms, and its remedy. Little was known respecting their 
chemical composition, till the time of Scheele; to whom we 
owe on this, as on many other subjects, the first, and there- 
fore the most difficult steps towards accurate analysis. By 
the discovery of the uric (or, as he termed it, Jithic) acid in 
one of the most common varieties of calculus, and in the or- 
dinary urine, he paved the way to every thing that has been 
since ascertained, respecting other varieties; and his experi- 
ments have been most ably followed up by those of Dr. Wol- 
Jaston, and of Fourcroy and Vauquelin. It is but justice to 
Dr. Wollaston, however, to state, that the principal distinc- 
tions of the several species of calculus were pointed out by 
him in the year 1797,+ in a memoir not less distinguished by 
the importance of its facts, than by the simplicity with which 
they are narrated. Two years afterwards the experiments of 
Fourcroy and his associate were communicated to the National 
Institute; so that the title to priority unquestionably belongs 
to our own countryman. Several valuable additions have been 
since made to our knowledge of the subject by Dr. Pearson, 
Mr. Brande, and others; and an excellent history of all that 
was before known, combined with much original matter, has 
been contributed by Dr. Marcet.{ In the plates, which are 
annexed to this work, will be found the most exact represen- 
tations of the several varieties of urinary concretions, that have 
yet been published. A great deal of important information 
respecting the chemical history of the urine, and of the con- 
cretions formed from it, may be found also in Dr. Prout’s 


* 82 Ann. de Chim. 199. 

+ See the Philosophical Transactions for that year. 

{ “ An Essay on the Chemical History and Medical Treatment of Cal« 
culous Disorders.” 8vo. London, 1817. 
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‘“¢ Inquiry into the Nature and Treatment of Gravel, Calcu- 
lus,” &c. published in 1821. 

The ingredients of urinary calculi are much less numerous 
than those of the urine. The following appear to be the only 
substances, the existence of which, in concretions of this sort, 
is sufficiently established ; viz. uric or lithic acid; phosphate of 
lime; ammoniaco-magnesian phosphate; oxalate of lime; 
silica; and an animal matter, which serves the purpose of a 
cement to the earthy ingredients. ‘To these, Proust added 
the carbonate of lime;* and its presence in some cases las 
been lately fully demonstrated. ‘The ingredients of rarer 
occurrence are the cystic oxide of Dr. Wollaston, and the 
xanthic oxide of Dr. Marcet. It is scarcely ever that any 
of these substances is found singly. Nevertheless, the pre- 
dominance of some one of them gives to the concretion 
its peculiar characters; and determines the genus to which 
it should be assigned. Several arrangements of urinary cal- 
culi have been contrived. Fourcroy and Vauquelin have 
enumerated three genera, which they have divided again 
into no less than twelve species. In these subdivisions, 
however, several minute differences have been attended to, 
which are scarcely sufficient grounds for specific distinctions ; 
and it appears to me sufficient for every purpose of arrange- 
ment to class them under the following heads. 

I. Calculi which are chiefly composed of uric acid or urate 
of ammonia : 

II. Calculi principally composed of the ammoniaco-magne- 
sian phosphate: 

III. Calculi consisting, for the most part, of phosphate of 
lime : 

IV. Calculi containing principally carbonate of lime: 

V. Calculi which derive their characteristic property from 
oxalate of lime; and 

VI. Calculi composed of the substance discovered by Dr. 
Wollaston, and called by him cys¢ic oxide. 

I, The calculi composed entirely of wric acid are of very rare 
occurrence; but those, in which it prevails, and gives the 
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character of the species, form a very considerable proportion, 
perhaps one half, of urinary concretions. Calculi of this kind 
are of various sizes, from that of a bean to that of a large egg. 
Their shape is most commonly a flattened oval; but when 
more than one are found, they acquire, by friction against 
each other, several sides and angles. ‘The best view of their 
internal structure is obtained by sawing them through their 
longest and widest diameter, when shiny exhibit sierseviilly 
a ponwrih nucleus, of more compact texture, and greater 
hardness and lustre, than the rest of the stone; but generally 
of the same figure. From this to the circumference, a number 
of distinct layers are perceived; and these layers, when the 
calculus is broken, exhibit a radiated structure, the radii con- 
verging towards the centre. The harder varieties, when di- 
vided by the saw, admit of some degree of polish, and bear 
a considerable resemblance to wood. ‘Their colour is various, 
but generally of different shades of yellow, from pale straw 
yellow to a deep shade of that colour, approaching brown or 
sometimes brown with a mixture of red. Their specific gra- 
vity, according to Fourcroy, varies from 1.276 to 1.786; but 
generally Bedacds 1.500; 

The chemical characters of calculi of this kind —" 
those of the uric acid. When burned in a crucible, they emit 
the smell of horn, and are almost entirely consumed ; a black 
dense coal remaining, which amounts to about +th the weight 
of the calculus. They dissolve, either wholly or in great 
measure, in solutions of pure potassa and pure soda, and are 
precipitated again by acids. A very striking property of this 
sort of concretions is, that when a few grains are heated on a 
watch glass with a small quantity of nitric acid, and the mix- 
ture evaporated to dryness, a beautiful red substance remains, 
which dissolves in water and tinges the skin of the same colour. 

The red sand, voided occasionally in considerable quantity, 
and constituting one of the forms of the disease called the gra- 
vel, is uric acid very nearly pure. It is probably liberated 
from urate of ammonia by a free acid generated in the kidneys, 
just as it is precipitated by adding any acid to urine recently 
voided. The acid precipitating ¢ sail in the kidneys may be 
either the phosphoric, nitric, or pumpanid: (Prout, p. 127.) 
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The urate or lithate of ammonia calculus is generally of a 
clay colour, with a smooth and sometimes tuberculated surface. 
It is composed of concentric layers, and its fracture is very 
fine earthy, resembling that of compact lime-stone. It is 
small, and in its pure state, rather uncommon; but urate of 
ammonia often occurs with uric acid forming a mixed calculus. 

In chemical characters, it closely resembles the last species. 
Before the blow-pipe, however, it decrepitates strongly. It 
is much more soluble in water than uric acid calculus, and 
always emits a smell of ammonia with caustic potassa. It 
readily dissolves also in alkaline sub-carbonates, which the 
uric species does not. (Prout, p. 84.) 

II. The ammoniaco-magnesian phosphate, or triple calculus, 
is scarcely ever found without an admixture of some other sub- 
stance, especially of phosphate of lime. Calculi of this sort 
are easily discriminated from those of the first species, by 
their colour, which is white, generally pure white. They at- 
tain a much greater size than uric acid calculi; and, in one or 
two instances, have increased so as to fill the whole capacity 
of the bladder. The layers are distinguishable only by dif- 
ferent degrees of hardness and density; and small cells are 
often formed by the interrupted deposition of these layers, 
which are lined with sparkling crystals. ‘The calculi of this 
kind are soft, and their powder dissolves sufficiently in the 
mouth, to give a distinct sweetish taste. ‘The same substance 
is sometimes voided, also, in the state of gravel, constituting 
perfectly white shining crystals. 

Boiling water acts upon the ammoniaco-magnesian phos- 
phate; and the calculus loses about -4, of its weight, which is 
deposited on cooling, in the form of shining crystals. When 
exposed to heat it first becomes black, emits a smell of ammo- 
nia, and a white powder is left, which fuses imperfectly-when 
the heat is more strongly urged. Most acids (even sulphuric 
acid of the specific gravity 1.020) dissolve it rapidly, and de- 
posit it again on the addition of alkalis. Pure alkalis do 
not dissolve it, but disengage ammonia. Toextract the phos- 
phoric acid, Dr. Wollaston dissolved the calculus in acetic 
acid, and precipitated the phosphoric acid by an excess of 
acetate of lead. ‘To the clear liquor, sulphuric acid was added, 
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which threw down the excess of lead, and, at the same time, 
formed sulphate of magnesia. Evaporation to dryness re- 
moved the acetic acid; and, by raising the heat, the sulphate 
of ammonia and excess of sulphuric acid were expelled; leay- 
ing the sulphate of magnesia pure, and capable of forming 
‘crystals by solution and evaporation. 

III. The third species of calculus, composed chiefly of 
phosphate of lime, is usually, on its outer surface, of a pale 
brown colour, and so smooth as to appear polished. When 
sawed, it is found to be regularly laminated, and the layers 
adhere so slightly, as to be readily separated into concentric 
coats. Internally the colour is white, but not of that pure 
and brilliant kind, which distinguishes the ammoniaco-mag- 
nesian phosphate. The small crystals, also, which occur in 
the former variety, are never found in this; and its powder, 
when rubbed between the fingers, 1s considerably more harsh 
and rough. 

The phosphate of lime calculus dissolves, though slowly, in 
diluted nitric, muriatic, and acetic acids (but not in the sul- 
phuric acid of the specific gravity 1.020), and is precipitated 
unchanged by alkalis. A small fragment put into a drop of 
muriatic acid, on a piece of glass over a candle, is soon dis- 
solved ; and, when the acid is evaporated, crystallizes in needles, 
which make angles of 60° and 120° with each other. This 
property Dr. Wollaston considers as a very delicate test of 
the phosphate of lime. When exposed to the blow-pipe, it 
first blackens, but soon becomes white, and, by intensely 
urging the flame, may at length be fused. When the phos- 
phate of lime and ammoniaco-magnesian phosphate exist to- 
gether, they compose a calculus, a fragment of which may 
be melted with great ease by the blow-pipe into a vitreous 
globule ; and which has therefore been called by Dr. Wollas- 
ton, the fusible calculus. ‘This calculus, when pulverized and 
acted upon by acetic acid, is only partially dissolved, the am- 
moniaco-magnesian phosphate being taken up by the acid, 
and the phosphate of lime left. In this way, it is easy to 
ascertain the proportion of the two phosphates. 

IV. Carbonate of lime has been found, though rarely, com- 
posing small, perfectly white, and very friable calculi, This 

VOL. Il. 2G } 
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was the appearance of some examined by Dr. Prout. Dr. 
Gilby of Clifton has detected it in four instances, and Mr. 
Smith of Bristol has related another, in which calculi, com- 
posed chiefly of carbonate of lime held together by animal 
mucus, were taken from the bladder of a boy. (Medico-Chir. 
Trans. xi. 14.) These calculi, however, had nearly the colour 
of mulberry calculi. : 

V. Calculi of the fifth kind, though their composition was 
not ascertained, have been long distinguished from others, 
by the peculiarities of their external characters, under the 
name of mulberry calculi. ‘This epithet has been derived from 
their resemblance to the fruit of the mulberry. They are 
usually of a much darker colour than the other varieties, and 
are covered, generally, with a number of projecting tubercles ; 
but the species comprehends, also, some perfectly smooth 
concretions of a pale colour. ‘Their hardness greatly exceeds 
that of the other kinds; for it is not easy to reduce them to 
powder by scraping with a knife. ‘They have also a greater 
degree of specific gravity, varying, according to Tourcroy, 
from 1.428 to 1.976. 

Calculi of this species, when pulverized, are soluble in mus 
riatic and nitric acids; but not unless the acids are concen- 
trated and heated. ‘The solution by muriatic acid has a deep 
brown colour, but deposits white crystals on cooling. Pure 
alkalis do not decompose this variety of calculus; but when 
it is digested with alkaline carbonates, the oxalic acid is sepa- 
rated, and replaced by carbonic acid. ‘Yo exhibit the oxalic 
acid in a separate state, the oxalate of potassa may be decom- 
posed by acetate of baryta or super-acetate of lead, and the 
oxalate of lead or baryta by sulphuric acid. ‘This is the pro- 
cess of Fourcroy; but Dr. Wollaston disengaged the oxalic 
acid by the direct addition of sulphuric acid to the pulverized 
calculus, and the crystallization of the acid which was thus 
detached. 

The presence of lime, im this variety of calculus, is demon- 
strated, in a very simple manner, by burning it in a crucible, 
and strongly calcining the residuum, or. by exposure to the 
blow-pipe. By the addition of water, we obtain lime-water, 
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Silica is a very rare ingredient, and has been discovered in 
calculi, in one or two instances only. 

VI. A new species of calculus from the human bladder was 
discovered, by Dr. Wollaston, about the year 1805. It ap- 
pears to be extremely rare; for in 1810, when its properties 
were first described in the Philosophical Transactions, only 
two instances of it had occurred to its discoverer. With the 
assistance of Dr. Wollaston’s clear and accurate description, 
and of the proper experiments, I have recognized two other 
examples, in a collection of calculi now in my possession ; and 
Dr. Marcet has since detected it in no less than three in- 
stances.* 

In external appearance, these calculi resemble more nearly 
the triple phosphate of magnesia than any other sort of cal- 
culus ; but they are more compact, and do not consist of dis- 
tinct lamines, but appear as one mass, confusedly crystallized 
throughout its substance. ‘They have a yellowish semitrans- 
parency, and a peculiar glistening lustre, like that of a body 
having a high refractive density. 

Under the blow-pipe, the new calculus gives a peculiarly 
feetid smell, quite distinct from that of uric acid. Distilled in 
close vessels, it yields feetid carbonate of ammonia, partly 
solid and partly fluid, and a heavy foetid oil; and there re- 
mains a black spongy coal, much smaller in proportion. than 
from uric acid calculi. 

It isso readily acted upon by chemical agents, that its cha- 
racters are best taken from an enumeration of the few feeble 
powers, which it can resist. These are water, alcohol, acetic, 
tartaric, and citric acids, and saturated carbonate of ammo- 
nia; all which are incapable of dissolving it, except in very 
minute proportion. 

Its solvents, on the other hand, are far more numerous. 
It is abundantly dissolved by muriatic, nitric, sulphuric, phos- 
phoric, and oxalic acids; by potassa, soda, ammonia, and lime 
water; and even by fully saturated carbonates of potassa and 
soda. When, therefore, it is intended to separate it from 
acids, the carbonate of ammonia is best adapted to the pur- 


* On Urinary Calculi, p. 82. 
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pose; and, for the same reason, the acetic and citric acids are 
best suited to precipitate it from alkalis. 

Its combinations with acids crystallize in slender spicule, 
radiating from a centre, which readily dissolve again in water. 
Its compounds with alkalis form small granular crystals. 

As this substance does not affect vegetable colours, and has 
all the chemical habitudes of an oxide, Dr. Wollaston distin- 
guishes it by the name of Cystic Oxide. This name it is not 
worth while to alter, though Dr. Marcet has lately met with 
instances, in which its origin may be clearly traced to the kid- 
neys and not to the bladder. 

VII. Amongst the urinary calculi examined by Dr. Marcet, 
were two, the properties of which were found to differ from 
those of every known species. The first was of a reddish or 
cinnamon colour; was soluble in acids, though less readily 
than in alkalis; and gave with nitric acid a solution which, 
when evaporated to dryness, had the remarkable property of 
assuming a bright lemon colour. It was distinguished from 
cystic oxide, by being much less soluble in acids; and, from 
uric acid, by considerably greater solubility in water. From 
the colour which it affords with nitric acid, Dr. Marcet has 
applied to it the term of Xanthic Oxide, from favbos, yellow). 

The other calculus exhibited a train of properties, corre- 
sponding exactly with those of fibrine ; and should other ex- 
amples of a similar kind occur, they may be distinguished, 
Dr. Marcet thinks, by the epithet fibrinous calculi.* 

Such are the principal kinds of urinary concretions. If 
any addition were made to the five classes, under which they 
have been arranged, I would propose to add two others; the 
sixth comprehending those calculi, which contain several of 
the foregoing ingredients, in sucha state of admixture as not to 
be distinguishable without chemical analysis; and the seventh 
those, in which the different substances are disposed in dis- 
tinct layers or in concentric strata. It may be proper, how- 
ever, to give an outline of the classification, proposed by 
Fourcroy and Vauquelin, after the analysis of more than 600 
of these concretions. 


* On Urinary Calculi, chap. iv. 
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Genus I.—CaLcuLI COMPOSED CHIEFLY OF ONE 
INGREDIENT. 


Species 1. Calculus of uric acid. 


a. urate of ammonia. 
eS. carbonate of lime. 
a oxalate of lime. 


Genus II.—Catcuti COMPOSED OF TWO INGREDIENTS. 


Species 1.—Calculus of uric acid and earthy phosphates in 
distinct layers. 

2. Calculus of uric acid and earthy phosphates inti- 
mately mixed. 


3 of urate of ammonia and the phosphates 
in layers. 
4, of the same ingredients intimately mixed. 


5, ——-_—— of earthy phosphates mixed or else in 
fine layers. 
— of oxalate of lime and uric acid in distinct 
layers. 
of oxalate of lime and earthy phosphates 
in layers. 


6. 


fo SSS 


Genus II[,—CatcuLi COMPOSED OF THREE OR FOUR 
INGREDIENTS. 


Species 1.—Calculus of uric acid or urate of ammonia, earthy 

phosphates, and oxalate of lime. 3 
of uric acid, urate of ammonia, earthy 
phosphates, and silex. 


De 


The urinary concretions, which have been extracted from 
the bladders of inferior animals, differ from those of the hu- 
man subject in containing no uric acid, and in consisting for 
the most part of carbonate and phosphate of lime, cemented 
by animal matter. 
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SECTION VI. 


Of Bones, Shells, Crusts, Horn, and Cartilage. 


Tue bones of animals are composed partly of earthy salts, 
which give them solidity and hardness, and partly of animal 
matter, which serves the purpose of a cement, and keeps the 
earthy ingredients in a state of union. By long continued 
boiling, a large part of the animal matter is extracted, and a 
iokatiodd is obtained, which concretes, on cooling, into a gela- 
tinous mass. Hence bones contain gelatine as one of their 
ingredients. But besides this animalized substance, another 
is discovered by the slow action of diluted nitric or muriatic 
acid. Hither of these acids dissolve both the earthy salts and 
gelatine; and a soft flexible substance remains, retaining, in 
a great measure, the shape of the original bone. ‘This soft 
and spongy substance seems to be analogous to cartilage; and 
is essential to the constitution of all organized bones and 
shells. Its production appears to be the first step in the form- 
ation of bone, and of the other hard coverings of animals. 
In chemical composition, it has been found by Mr. Hatchett 
(to whom we owe its discovery) most to resemble eearemted 
albumen. 

Besides the marrow, which is‘lodged in the hollow cavities 
of bones, they contain, in the most hard and solid part of 
their substance, a proportion of oil. This oil makes its ap- 
pearance in a hard- and suetty form, on the surface of the 
gelatinous mass extracted by boiling. It exudes, also, from 
the bones of recent anatomical preparations; and a portion 
of it passes over, in a separate but altered state, when bones 
are submitted to distillation, By this process, bones are de- 
prived, not only of their oily part, but the other animal sub- 
stances which they contain are decomposed ; a quantity of car 
bonate of ammonia is generated; and in the retort there re- 
mains the earthy ingredients blackened by charcoal. By a 
farther combustion in the open air, this charcoal is destroyed ; 
and the earthy ingredients are left in a perfectly white state. 
In this way large quantities of bones are distilled for the sake 
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of the carbonate of ammonia, which is afterwards applied in 
making the muriate of that alkali. The animal oil (formerly 
used in medicine, under the name of Dippel’s oil) is now, on 
account of its offensive smell, which unfits it for most other 
purposes, chiefly converted into lamp-black. 

When diluted muriatic or nitric acid is poured upon the 
white ashes of bones, an effervescence takes place, and nearly 
the whole is dissolved. Solution of pure ammonia, added to 
the filtered liquid, precipitates a white earth in great abund- 
ance; but after it has ceased to produce any effect, the addi- 
tion of carbonate of ammonia occasions a fresh precipitation. 
What is thrown down by the pure alkali is composed of phos- 
phate of lime and a small quantity of phosphate of magnesia ; 
and the precipitate by the mild alkali is the carbonate of lime. 
The proportions, deduced from the analysis of arenes by 
Tourcroy and Vauquelin, are the following: 


Anita! Wetter os aca sos 0, SE 
Phosphate of lime.......,. 37.7 
Carbonate of lime....,... 10 
Phosphate of magnesia.... 1.3 


eomcasewetes as 


100. 


Human bones were found by Fourcroy and Vauquelin (who 
have given a good general formula for the analysis of bones*) 
to contain some iron and manganese, and a larger proportion 
of magnesia than exists in the bones of herbivorous quadru- 
peds. ‘This, indeed, might have been expected from the 
large quantity of magnesia, which is constantly passing off 
in human urine, but not in that of other animals. Alumine 
and silex were,-also, found, by the same chemists, in human 
bones. Hildebrandt, however, has lately analyzed human 
bones, without being able to discover magnesia in them.+ 

Besides the above ingredients, Mr. Hatchett discovered in 
bones a minute quantity of sulphate of lime; and Berzelius 
has detected a combination of fluoric acid with the same 
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earth, which Morocchini had previously found in enamel. 
Berzelius has given the following tabular view of the results 
of his analysis.* 


Dry Enamel - Enamel 
Human of Human Dry Ox of Ox 
Bones. Teeth. Bones. Teeth. 


Cartilage SPINS oS BRT) PS SE GO! SG” (S56 
Bidod vessels 2 fo os PROT AS Se ea 
Plaate of line os SE SONY © SNOW: Pt 
Phosphate of lime....... 51.04 ©. 85.3 .. 55.45 .. 81.0 
Carbonate of lime 2% Oe 800 "TAS 0 BB TSS OS. FAO 
Phosphate of magnesia... 1.16 .. 1.5... 2.05 .. 3.0 


Soda, muriate of (shea: 1.20 


2 @.e ° ee wok 
waters Xo, os iei os : suet oa Le 


Gea 


100. 100. 100. 100. 


Human teeth are composed of the same ingredients as the 
enamel, and in the same proportion, except that, in addition 
to other ingredients, they contain cartilage. ‘This cartilagi- 
nous basis Mr. Hatchett found to remain in the original 
shape of the tooth, after removing the other component parts 
by diluted nitric acid. The enamel, on the contrary, dissolves 
entirely in diluted nitric acid, and is, therefore, free from car- 
tilage. But it probably contains gelatine, and to the solution 
of this animal substance (which is not afterwards precipitable 
by alkalis) may perhaps be ascribed the loss, which forms 
part of the following results of the analysis of enamel ob- 
tained by Mr. Pepys. He found the enamel of human teeth 
to consist of 


Phosphate of limes i:.0s o¢esise!s 098 
Carbonate of lime. 4d suas iis 
Joss andiwater), . saved seeded 


100 


The substance of the teeth Mr. Pepys found to be com- 
posed as follows : 


* Annales de Chimie, 1xi, 257. 
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Roots pf the Teeth of First Teeth of 
Teeth. Adults. Children. 


Phosphate of lime......6°58 0.0... GEST 2 
Carbonate OF timers hk 4 ik ie 6 ee 6 
Ceres Ne, Semis eae se eees 20 iw 20 
ease Ses ae eee IO, See nO od, bear 12 


100 100 100 


The shells, with which several marine and also some land 
animals are covered, have been divided by Mr. Hatchett into 
two classes. The first, from their resemblance to porcelain, 
he has termed porcellaneous shells. To this class belong the 
several species of voluta, cyprea, &c. The second class ap- 
proach in their characters to mother of pearl. The shell of 
the fresh water muscle, and of the oyster, may be arranged 
under this head; and pearl itself has the same characters and 
chemical composition. Comparing the experiments on both 
classes, Mr. Hatchett concludes that porcellaneous shells con- 
sist of carbonate of lime, cemented by a very small portion 
of animal matter; and that mother of pearl and pearl do not 
differ from these, except in containing a smaller proportion 
of carbonate of lime. ‘This, instead of being merely ce- 
mented by animal matter, is intermixed with and serves to 
harden a membranous or cartilaginous substance which is ca- 
pable of retaining its form, after the removal of the earthy 
ingredient. 

The covering of crustaceous animals (as echini, star-fish, 
lobsters, crabs, &c.) differs in composition from marine shells, 
and approaches that of the eggs of birds. The shells of 
eges, Mr. Hatchett found, are composed of carbonate of 
lime, with a small proportion of phosphate of lime, cemented 
by animal matter. Vauquelin has lately added, to these in- 
gredients of egg-shells, carbonate of magnesia, iron, and sul- 
phur.* | 

Horn differs essentially from all the substances that have 
been described in this section. ‘The proportion of earthy 
matter obtained by its combustion, scarcely amounts to 


300 


* 81 Ann, de Chim, 304. 
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part. It appears to consist principally of gelatine and coa- 
gulated albumen. 


Of Cartilage. 


Chevreul has analyzed the cartilage of the squalus pere- 
grinus. He found it to be sparingly soluble in water; the 
solution was viscid; foamed on agitation; restored the colour 
of reddened litmus; and was precipitated by sulphuric, nitric, 
or muriatic acid, an excess of which re-dissolved the preci- 
pitate. Chlorine occasioned a deposit, as did also the pro- 
nitrate of mercury and the sub-acetate of lead. Infusion of 
galls produced only a slight cloud. 

When boiled with alcohol, the cartilage shrunk in bulk, 
and became opaque by losing water. The first washings had 
the colour of ammoniuret of copper, and deposited an animal 
matter. From the residue of the evaporation of these wash- 
ings, hydrate of lime disengaged a large quantity of am- 
monia. 

Cartilage dissolved in muriatic acid, and the solution was 
precipitated by infusion of galls. Nitric acid dissolved it, and 
when evaporated, gave oxalic acid, nitrate of soda, a yellow 
matter, different from that of Welther, and an odorous oil. 

By destructive distillation, it gave the ordinary products 
of animal substances. 


ee 


SECTION VII. 
Of Muscle, Memlrane, Tendon, Ligament. 


THE muscular flesh of animals consists chiefly of the pe- 
culiar substance, which has been already described under the 
name of Filrin, ‘Though generally of a reddish colour ; yet, 
essentially, muscular fibre is white, and may be obtained in 
this state, if all the soluble parts be first washed away by 
long continued affusions of water, which acquire a dark co- 
lour. ‘The solution, if concentrated by boiling, gelatinates 


on cooling; and hence gelatine appears to be one of the con- 
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stituents of muscle. Albumen is another ingredient, and 
makes its appearance by a deposition of coagulated flocculi 
in the heated watery solution. A portion of fat, also, fre- 
quently concretes on cooling; but this is to be considered 
rather as an accidental admixture. From the gelatine, when 
evaporated to dryness, alcohol removes a peculiar kind of 
extract, soluble in water and in alcohol, and first described 
by Thouvenel. The entire muscle, when calcined, leaves 
about 5 per cent. of its weight of saline matter, composed 
chiefly of phosphates of soda, ammonia and lime, and car- 
bonate of lime. 

Lean flesh, Berzelius finds, is composed of nearly three- 
fourths its weights of fluid. This fluid contains a free acid ; 
and the extract, which Thouvenel described, is the same acid 
syrupy mass, which is met with in milk and urine, and which 
consists of lactic acid, an alkaline lactate, and the animal 
matter, that always accompanies the lactates. The fluids of 
-muscle abound much more in this syrupy extract, and contain 
more phosphate of soda, than the blood. The solid fibre is 
interwoven with the cellular texture, and is furnished with 
minute veins and nerves. It agrees, in chemical properties, 
with the fibrin of the blood; and it is soluble, except the cel- 
lular texture of veins and nerves, in acetic acid. By boiling 
it becomes, like the fibrin of blood, insoluble in acetic acid, 
and imparts to the water, with which it has been boiled, a 
constituent part, which has a strong and pleasant taste of 
flesh, and cannot be gelatinized. When this is dissolved, and 
mixed with the uncoagulated part of the humours of the 
flesh, it forms what is cailed broth, the strength and taste of 
which depend, not only on the dissolved gelatine of the cel- 
lular texture, but also on the fibrin, the taste of which it re- 
tains. ‘The taste does not depend on the extractive matter of 
Thouvenel; for flesh, from which this extract has been se- 
parated, still gives a palatable though colourless soup. 

Considerable differences exist in the colour and other pro- 
perties of the muscular flesh of different animals; but the 
cause of these differences is not well understood. It depends, 
most probably, on the proportion which the fibrin, albumen, 
and. other principles bear to each other. Gelatine appears to 
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be most abundant in the flesh of young animals; and albumen 
and extract in that of old ones. 

The ¢endons, or sinews, as they are commonly called, are 
the strong cords in which muscles terminate, and which con- 
nect them with the bones. They differ from muscle in the 
total absence of fibrin; and in being completely soluble in 
water by sufficiently long boiling. The solution has the pro- 
perties of gelatine. 

The diesels are Pe set strong bands, which tie the 
bones together at the different joints. They are in a great 
measure, but not completely, soluble by boiling water; and 
contain, therefore, beside gelatine, some other animal sub- 
stance, probably coagulated albumen. 

Membranes are thin semi-transparent substances, which 
sometimes form bags for containing fluids, and sometimes 
line the different cavities of the body. They are for the most 
part, though not entirely, soluble in water; and are com- 
posed, therefore, chiefly of gelatine. Hence by the common 
process of tanning, membranes are convertible into leather. 
There is an essential difference, however, between cellular or 
serous membranes, and mucous membranes. ‘The latter fur- 
nish no gelatine by boiling; and are sooner destroyed than 
any animal substance, the brain excepted, by maceration in 
water, or by the action of acids. 


os ——- 


SECTION VIII. 


Of the soft Coverings of Animals, viz. Nails, Scales, Skin, 
Hair, Feathers, and ]Vool. 


Tue nails and hoofs of animals most nearly resemble horn 
in chemical composition. Their basis seems to be a series of 
membranes composed of coagulated albumen, in which is 
deposited a quantity of gelatine. Long boiling does not en- 
tirely dissolve them. By calcination they have only a very 
small proportion of earthy matter. 

The scales of serpents also resemble horn in their chemical 
composition and properties. The scales of fish, on the con- 
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trary, are more nearly analogous to mother of pearl, and are 
composed of alternate Jayers of membrane and phosphate of 
lime, . 

The skin consists of two distinct parts, a tough white mem- 
brane on the outside which is almost insensible, and an in- 
ternal one, full of blood vessels and nerves, and distinguished 
by great sensibility. Between these two, in the human body, 
is a soft mucous substance called rete mucosum. 

1. The external layer, called the cuticle, or epidermis, is best 
separated from the parts beneath by the action of a blister. It 
- is not soluble in water, nor in acids, unless they are sufficiently 
concentrated to decompose it. Hence it differs from gelatine. 
Alkalis however dissolve it; and, in this respect, it agrees 
with coagulated albumen, which it resembles, also, in receiving 
a yellow tinge from nitric acid. 

2. The cutis vera, which lies beneath the cuticle, consists of 
a number of fibres crossing each other in various directions, 
and has considerable firmness and elasticity. Long continued 
boiling in water entirely dissolves it, and a’solution is obtained 
which gelatinates on cooling, or, by farther evaporation, may 
be wholly converted into glue. 

The true skin is composed, therefore, almost entirely of 
gelatine; but under some modification which renders it inso- 
luble in water. It is this substance that adapts the skins of 
animals for two important uses, that of being converted into 
leather by the reception of the tanning principle, and that of 
furnishing glue. 

3. Of the rete mucosum very little is known. It is that part 
of the skin, on which its colour depends; and by the suffi- 
ciently long continued application of chlorine gas, it has been 
found that in the negro it may be entirely, but not perma- 
nently, deprived of its colour. 

Hair has been examined with considerable attention by 
Vauquelin. He effected a complete solution of it in water by 
using a Papin’s digester. ‘The application of the proper tem- 
perature required, however, some caution; for if raised too 
high, the hair was decomposed and gave carbonate of am- 
monia, empyreumatic oil, and sulphureted hydrogen. The 
solution always contained a sort of bituminous oil, the colour 
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of which approached to that of the hair which had been 
dissolved. After separating this oil, the solution was pre- 
cipitated by infusion of galls and by chlorine; but did 
not gelatinate on cooling. Acids occasioned a _ precipitate, 
which was re-dissolved by adding more acid. Silyer was preci- 
pitated from its solutions of a black colour, and lead of a brown. 

A diluted solution of potassa dissolved hair, excepting a 
little oil, sulphur, and iron; and the compound was a sort of 
soap. The oil, if red hair was employed, had a yellow tinge. 
Alcohol, also, extracted from hair a portion of oil, the colour 
of which varied with that of the hair. 

The coal, obtained by incinerating hair, afforded phos- 
phate, sulphate, and carbonate of lime, muriate of soda, silica, 
magnesia, and oxides of iron and manganese. ‘The whole of 
these substances bore a very small proportion to the hair, and 
varied in hair of different colours. Hair, therefore, appears 
to consist chiefly of an animal matter resembling coagulated 
albumen; of an oil of various colours; of sulphur, silica, 
carbonate and phosphate of lime; and oxides of iron, and 
manganese. | 

Feathers probably agree in composition with hair. The 
quill, Mr. Hatchett has shown, consists of coagulated albumen 
without any gelatine. 

Wool has not been so much the subject of experiment, as 
from its great importance, it deserves. What is known res- 
pecting it may be found in Bancroft’s and Berthollet’s 'Trea- 
tises on Dyeing. When growing upon the sheep, it is enve~ 
loped in a soapy matter, fro which it requires to be cleansed 
before it is manufactured. : 

Braconnot has shown that by the action of sulphuric acid, 
wool is converted into the peculiar substance called leucine. 
The ultimate analysis of wool has been performed by Dr. Ure, 


who finds it to consist of 
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Silk, the production of various species of caterpillars, and 
used as the soft covering of the insect during its chrysalis state, 
is in fine threads, covered with a sort of varnish. This varnish 
is soluble in boiling water, but not in alcohol; it resem- 
bles gelatine in being precipitable by tan and muriate of tin, 
but differs from it in other respects. It may be separated 
also from silk by soap, and by soap leys. It amounts, accord- 
ing to Roard, to 23 per cent. of the weight of the silk. (Ann. 
de Chim. Ixv.) Raw silk, also, contains a portion of wax, 
which dissolves in boiling alcohol, and separates as the alcohol 
cools. 

Silk cleansed from these substances has been but imperfectly 
examined. It is insoluble both in water and in alcohol, but 
dissolves in pure alkalis and concentrated acids. By the action 
of nitric acid, it yields the peculiar substance described under 
the name of the litter principle. 

Dr. Ure submitted the bleached fibres of silk to decompo- 
sition by peroxide of copper, and obtained the following re- 
sults. (Phil. Trans. 1822.) 

Catbonisii'..:.:.:10: atoms 0.0% 60... sanin AROS 
ORV TOM. 6.606546 67:9 F AUEOw opie 40) cn sidyee i BA. 
Hydrogen... «6 4 dittos cs we 4 eececs,  S4 
Nitrogem ‘ie wide dittos steed os och 1)8 . 


— (eee ee 


118 | 100. 
= 
SECTION IX. 


Of the Substance of the Brain. 


‘Tue medullary matter of the brain and nervous system ap- 
pears to differ from all other organized substances. It was 
first examined by M. Thouret, with a view to explain why the 
brain was exempted from the change, observed in the bodies 
which were interred in the Cimetiére des Innocens. Fourcroy 
afterwards added many important facts, and corrected M. 
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Thouret in several particulars; and Vauquelin has published 
an elaborate set of experiments on the same subject.* 

The medullary substance of the brain is of a soft consist- 
ence, and forms, when agitated with water, a sort of emulsion, 
that passes through the finest sieves. ‘This fluid is coagulated 
by a temperature of 160°, and a quantity of a substance re- 
sembling albumen is separated. ‘The same coagulation is pro- 
duced by acids; but the coagulum differs, in several respects, 
from that which takes place from the serum of the blood. On 
being boiled with alcohol, it loses about 5%, of its weight; but 
one third of the portion, which has been dissolved, is again 
deposited on cooling in the form of shining crystalline plates, 
resembling those which are obtained from biliary calculi, from 
spermaceti, or from adipocire; but differing from those sub- 
stances in requiring a higher temperature for its fusion. It 
stains paper like a fixed oil, is soluble in 20 times its weight 
of boiling aleohol; and is miscible with water into a sort of 
emulsion, from which it does not separate on standing, and 
which is not acid. From the results of its combustion, both 
alone and with nitre, Vauguelin infers that it contains uncom- 
bined phosphorus. 

Alcohol, by digesting with brain, acquires a greenish colour, 
which it retains even after filtration. By evaporation to one 
eighth its bulk, it deposits a yellowish oily fluid, and the 
liquor itself is yellowish. When repeated quantities of alcohol 
are digested on the same portion of brain, the alcohol is 
tinged a sapphire blue colour. ‘These colours remain, till the 
whole alcohol is expelled by heat, when the residuary matter 
acquires a yellow tinge, of greater or less intensity. The 
latter portions of alcohol do not, like the first, deposit cil on 
standing. 

The liquid oil, after being washed with water, and evapo- 
rated to dryness at a gentle heat, has a reddish brown colour, 
and a smell resembling that of the brain itself, but stronger. 
Its taste is like that of rancid fat. It forms, with water, an 
emulsion, which is coagulated by the addition of acids, and 


* Thomson’s Annals, i. 332. 
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by infusion of tan. It is soluble in hot alcohol; and the 
greater part separates on cooling. Though freed from all acid 
by washing, yet it furnishes phosphoric acid by being burnt 
either alone or with nitre; and hence we must admit the pre- 
sence of phosphorus in this fatty matter, as well as in the 
crystalline substance. Irom the latter, indeed, it appears to 
differ only in containing a quantity of animal matter, which is 
separable by cold alcohol. 

The alcohol, from which the fatty matter has separated, 
has a yellow colour, a taste of the juice of meat, and gives 
marks of acidity. It contains super-phosphate of potassa, and 
a peculiar animal matter, which, by its solubility in cold alcohol 
and water; by its property of being precipitated by infusion 
of galls; by its reddish brown colour, its deliquescence, its 
taste and sinell of the juice of meat, may be regarded as iden- 
tical with the substance, which Rouelle formerly called sapo- 
naceous extract of meat, and to which Thenard has given the 
name of Osmazome. It is this substance, which tinges the 
fatty matter, extracted from brain by alcohol. 

The portion of brain, which remains after the full action of 
alcohol, is a grevish white matter in the form of flocks, which 
resembles cheese externally. In drying, it assumes a grey 
colour, a semi-transparency, and a fracture similar to that of 
gum-arabic. It appears, as Fourcroy supposed, to be per- 
fectly identical with albumen; and it is this ingredient, which 
occasions the coagulation of brain, when mixed with water, 
by heat, acids, metallic salts, &c. The alkaline solution of 
this part of brain precipitates acetate of lead of a dark brown 
colour, showing obviously the presence of sulphur. 

The medulla of the brain, when exposed to the air, soon 
undergoes spontaneous decomposition ; and evolves an acid, 
belore it passes to the putrid state; but under water it may be 
kept a long time without any change. Nitric acid does not 
prodace the same effects upon it, as on other animal substances. 
No nitrogen is separated; but, when the temperature is raised, 
a large quantity of carbonate of ammonia is disengaged, and 
oxalic acid is found in the retort. 

Diluted sulphuric acid partly dissolves brain, and coagu- 
lates another part. ‘The acid solution becomes black when 
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concentrated by evaporation ; sulphurous acid is generated ; 
and crystals are formed which consist of sulphate of ammonia. 
Besides this salt, sulphates of ammonia and lime, phosphoric . 
acid, and phosphates of soda and ammonia are found in the 
liquid. 

When brain is dried at the temperature of boiling water, it 
coagulates and some water separates from it. When distilled 
in close vessels, ammonia is disengaged: which, uniting with 
carbonic acid, formed at the same time, composes carbonate of 
ammonia. <A portion of oil is obtained also, and sulphureted 
and carbureted hydrogen gases are formed. In the retort a 
coal remains which affords traces of phosphates of lime and 
soda. 

The mass of brain, as appears from the experiments of 
Vauquelin, is composed, therefore, of Ist, two fatty matters, 
which are probably identical; 2dly, albumen; 3dly, osma- 
zome; 4thly, different salts; and, among others, phosphates 
of potassa, lime, and magnesia, and a litthe common salt ; 
5thly, phosphorus; 6thly, sulphur. The following is to be 
considered merely as an approximation to their proportions. 
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CHAPTER XIV. 


OF CHEMICAL ANALYSIS. 


SECTION I, 
Of the ‘Analysis of Mixed Gases. 


Havine already, in former parts of this work, enumerated 
the properties common to the whole class of gaseous bodies,* 
and described the apparatus required for submitting them to 
experiment ;+ and having also given the chemical history of 
each individual eas, it would be equally tedious and useless to 
enter, in this place, into minute details respecting them. Nor 
could it serve any useful purpose to frame rules for analyzing 
every possible mixture of gaseous substances; for, out of 
nearly thirty gases, the number of such combinations would 
be extremely numerous, and many of them are notat all likely 
to occur. The rules, too, themselves, would be unnecessary to 
those who are qualified to undertake researches into this dif- 
ficult part of experimental chemistry. All, therefore, that I 
shall attempt, will be to lay down a few simple directions for 
discriminating the several gases, and for analyzing such mix- 
tures of them, as are occasionally formed by chemical processes, 
or are presented to vs by nature. 

There are two fluids which are used to confine gases for the 
purpose of examination and analysis, viz. mercury and water. 
Upon the former, very few gases act sufficiently to interfere 
with its fitness for retaining them unaltered. Chlorine and 
nitrous acid gases are the principal exceptions to this remark ; 
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for they are both speedily condensed by mercury; and sul- 
phureted hydrogen acts also upon that metal, though not in 
the same degree. With the exception, however, of nitrous 
acid gas, those acriform substances that cannot be kept over 
mercury may, in general, be preserved over water, especially 
if its temperature be raised to 65° or 70° Fahr.; at least they 
may be kept long enough to enable us to examine their pro- 
perties, and their proportions in any mixture. 

The two following Tables exhibit a view of the different 
gases, and the fluids best adapted for preserving them. 


I. Gases which are best confined by Mercury. 


Oxides (supporters of 


Combastion.) Combustible. Acid Gases. 
Protoxideofchlorine Ammonia Muriatic acid 
Peroxide of ditto. Cyanogen. Hydriodic do. 


Sulphurous do. 
Fluoboric do. 
Fluosilicic do. 
Carbonic do. 
Chloro-carbonic do. 


II. Gases confinable by Water. 


Gases that support Combustible 
Combustion. Gases. Incombustible. 
Oxygen Hydrogen Nitrogen 
Chlorine Carbureted do. Carbonic acid. 


Nitrous oxide Olefiant do. 

gas. Phosphureted do. 
Biphosphureted do. 
Sulphureted do. 
Tellureted do. 
Arsenureted do. 
Selenureted do. 
Carbonic oxide. 


Examination of Gases confinable by Mercury. 


I. When we have a quantity of any unknown gas standing 
over mercury, it is desirable first to ascertain in what propor- 
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tion it is capable of being absorbed by water. For this pur- 
pose a small quantity of water, not exceeding 1-80th or 1-100th 
of the volume of the gas, may be admitted to a portion of it 
contained in a graduated tube. If the whole gas rapidly dis- 
appear, and its place be filled with mercury, it must have con- 
sisted of one or more of the following gases : 


Ammonia, of which 1 vol. water absorbs 670 vols. 


Fluoboric acid, 700 
I luosilicic, ——_—_—_--____— 260 
Hydriodic, --_-——-_--___—. + 500 
Muriatic, ————---—___—___-_____ 4.80 


Sulphurous acid, being solub!e only to the extent of about 
33 times the volume of the water, is not taken up with so much 
rapidity, or by so small a proportion of water as the other 
five gases. Protoxide and peroxide of chlorine are still less 
absorbable; for of each of these, water condenses only about 
eight volumes. : 

II. To determine whether the gas has acid or alkaline pro- 
perties, a small slip of litmus paper may be first introduced 
into it. If it be reddened, the gas must be acid; if not 
changed, a slip either of litmus paper reddened by vinegar, or 
of turmeric paper, may be passed up, when the alkaline nature 
of the gas will be indicated by the usual change of colour to 
blue or brown. Acid and alkaline gases cannot both exist 
together in the same mixture, as they immediately condense 
each other into a solid form. 

II. Ammonia, when indicated by the colour tests, may 
either be pure, or may be mixed with cyanogen, or perhaps 
with one of the oxides of chlorine? (a) If pure, it will en- 
tirely disappear by contact with 1-100th its volume of water. 
(J) If any portion be left unabsorbed, let it be agitated with a 
little liquid potassa, and if an absorption now take place, pass 
up a small quantity of solution of per-sulphate of iron with an 
excess ofacid. Cyanogen will be indicated by the blue colour 
of the liquid. _ (c) The oxides of chlorine will be distinguished 
by their greenish yellow colour, by their smell, and by their 
power of supporting combustion, without exhibiting the cha- 
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racters belonging to oxygen, chlorine, or the oxides of ni- 
trogen. 


Acid Gases. 


IV. Of the acid gases, there are four, which, when suffered 
to escape into the atmosphere, produce a dense white smoke, 
owing to their powerful attraction for aqueous vapour. These 
are the muriatic, fluoboric, fluosilicic, and hydriodic acids. 

V. A property common to all the powerfully acid gases, vx. 
the fluoboric, fluosilicic, hydriodic, muriatic, and sulphurous, 
is, that they are absorbed by fragments of borax; which salt 
has no action on either of the oxides of chlorine, or on car- 
bonic or chloro-carbonic acids. | 

(a) If the borax, after being thus exposed, be powdered and 
strongly heated with a little charcoal, and the product be then 
moistened with water, or with diluted muriatic acid, the pre- 
sence of sulphurous acid will be indicated by a smell of sul- 
phureted hydrogen. 

(0) Ifthe gas, which has been absorbed by the borax, be 
muriatic acid, on dissolving the salt in water and adding nitrate 
of silver, a precipitate will appear, which will be soluble in 
lijuid ammonia, and insoluble in diluted nitric acid. This 
precipitate, after being well washed, dried, and fused, will, 
for every 100 grains, indicate 24.5 grains of chlorine, equivalent 
to very nearly 25.1 grains, or 64 cubic inches of the acid gas. 

VI. A test of the presence of sulphurous acid, which acts 
upon that gas, but not on the other acid gases, is the peroxide 
of lead. According to Dr. Thomson, it may be employed to 
absorb sulphurous acid from the other acid gases. 

VII. The mixture of acid gases which is likely most fre- 
quently to occur, is that of muriatic and sulphurous acids, or 
one of them, with carbonic acid. 

(2) Troma measured portion of a mixture of these three 
gases, contained ina graduated tube, the muriatic acid gas 
will be absorbed by 1-50th its bulk of water. 

(b) From another portion of the mixture, contained in a 
similar tube, peroxide of lead will absorb the sulphurous acid 
only. 

(c) From a.third portion, both the muriatic and sulphurous 
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acids will be absorbed by fragments of borax, leaving the car- 
bonic acid separate. s 

The volume of the three gases, thus determined, ought, if 
the analysis be correct, to make up a sum total equal to that 
of the mixture. 

VIII. Hydriodie, fluoboric, fluosilicic, and chloro-carbonic 
acid gases are of such rare occurrence, that it may be suffi- 
cient to point out a few tests by which they may be discrimi- 
nated. 

(a) Ifa little chlorine be passed into a gas containing hy- 
driodic acid, a violet coloured cloud will be immediately pro- 
duced, the chlorine seizing the hydrogen of the acid gas, and 
detaching purple vapours of iodine. 

(b) When borax has been made to absorb hydriodic acid 
gas without any admixture of muriatic acid, its solution in 
water precipitates nitrate of silver; but the precipitate is inso- 
Juble in ammonia, and by this property it may be separated 
from chloride of silver. | 

(c) A slip of white paper, introduced into a gas over mer- 
cury, betrays the presence of fluoboric acid gas, by being im- 
mediately blackened. 

(d) Fluosilicic acid gas is manifested by its producing minute 
white flakes of silica, in a portion of water which has absorbed 
any considerable quantity of the gas. 

(e) Chloro-carbonic acid is decomposed by contact with wa- 
ter; muriatic acid is formed and remains in solution. Car- 
bonic acid is also produced, equal in volume to the original 
gas, and raay be made apparent, by first saturating the mu- 
riatic acid with a little ammonia, and then adding lime watery 
which will form a white precipitate. 


Gases confinable by Water. 


IX. All gases are move or less absorbable by water, but 
some of them are taken up toa much greater amount, and 
with much Jess agitation, than others. It affords, indeed, 
some insight into the nature of a gas, to ascertain the propor- 
tion in which it is capable of being absorbed by water. ‘The 
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water employed for this purpose should have been deprived, as 
completely as possible, of its air by long boiling; and should 
have been cooled out of contact with atmospheric air. The 
best method of applying it, is by means of a caoutchouc bottle 
and tube, resembling that represented plate ii. fig. 21; but the 
tube, as well as het bottle, should be much Hane ihan are 
commonly applied to eudiometrical purposes. ; 


Water absorbs, 


Chlorine gas, 
Twice its vol. of i Sulphureted hydrogen, 
Selenureted hydrogen. * 
Nitrous oxide, 
Carbonic acid. 
Olefiant gas, 
Phosphureted hydrogen. 


ith to J;th its vol. of toe a 
gen gas. 


2th to qisth its vol. of { ipospburee hydrogen, 
Tellureted hydrogen. 
Nitrogen, 
f 2 Hydrogen, 
}\ Carbureted hydrogen, 


Arsenureted h ydrogen. 


An equal vol. of 


One eighth its vol. of 


1th to 4th its vol. o 


It is necessary, however, to observe that considerable dif- 

ferences in the absorbability of gases are produced by their 
mixture with each other. The information, therefore, which 
can be thus obtained, is only of a very general kind, and must 
in no case supersede the application of other methods of ana- 
lysis. 

X. The effect of the watery solution of any gas upon the 
colour tests should next be examined. All the stronger acids, 
it has already been stated, redden litmus. The same effect is 
produced, though less readily and distinctly, by cyanogen, 
carbonic acid, sulphureted hydrogen, and tellureted hydrogen. 
Chlorine destroys vegetable blues; and thé oxides of chlorine 
first redden litmus, and then destroy its colour. ‘The other 
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gases, which are permanent over water, do not affect vegetable 
colours. 

XI. When the quantity of a gas is sufficient to enable us to 
determine its specific gravity, we obtain a datum of great im- 
portance for determining its nature. ‘This is best done in the 
manner already described, vol. i. p.19. ‘The specific gravity 
found by experiment may be compared with those of the gases 
exhibited in the Table, vol. i. p. 140. 

XII. Of the gases, which are capable of existing at com- 
mon temperatures over water, two only are distinguished by 
being themselves coloured. Chlorine is yellowish green, and 
nitrous acid gas of an orange red; but the latter is so quickly 
absorbed by water, that its colour can only be seen, when first 
formed by the mixture of nitrous and oxygen gases. 

XIII. The odour of gases discriminates several of them. 
Oxygen, hydrogen, nitrogen, and both the varieties of car- 
bureted hydrogen, if pure, have little or no smell. All the 
rest have characteristic odours. ‘That of chlorine is peculiar, 
and very suffocating ; that of nitrous gas can only be perceived 
in a state of mixture with the air already present in the nos- 
trils, with which it forms nitrous acid. All the other com- 
pounds of hydrogen have powerful and generally disagreeable 
odours. ; 

XIV. The gases, which are absorbed ly liquid potassa, are 
cyanogen, chlorine and its oxides, carbonic acid, and sul- 
phureted, tellureted, and selenureted hydrogen. ‘Those acid 
gases, that are permanent only over mercury, are of course 
copiously soluble in liquid potassa, but they are not expelled 
again, like the gases which have been enumerated, by adding 
the stronger liquid acids. 

XV. A leading distinction among gases permanent over 
water, is into such as are capable of supporting combustion 
(that of a wax taper for example) and such as extinguish flame. 
One of the first experiments then, that should be tried on any 
unknown gas, is the effect of immersing a lighted taper in it. 
In oxygen gas, and in nitrous oxide, the taper will burn with 
great brilliancy ; and if blown out, and again plunged into 
either of those gases, the ignited wick will be re-kindled with 
a slight explosion. The same effect is produced by the two 
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oxides of chlorine. In chlorine, it burns a short time with a 
dense smoke, and is then extinguished. N itrous gas does not 
support the flame of a taper, but sulphur and phosphorus conti- 
nue to burn when introduced ina state of combustion into 
that gas. 


Gases that support Combustion. 


XVI. Oxygen gas may be recognized in any mixture by 
the action of nitrous gas, which, when mingled with it, pro- 
duces red fumes of nitrous acid and a diminution of volume. 
With proper attention to the manner of making the mixture, 
and to other circumstances described vol. i. p. 308, the pro- 
portion of oxygen may be thus determined. Oxygen may also 
be measured by combustion with hydrogen, and by other pro- 
cesses, which are referred to in the Index, article Eudiometer. 

AVII. Chlorine is discoverable by its yellowish green hue, 
its suffocating smell, and still more distinctly by its power of 
discharging vegetable colours. 

(2) If chlorine be mingled with other gases which are inca- 
pable of being absorbed by liquid potassa, its separation is very 
simple, and its quantity is determinable by the amount of the 
absorption produced by that liquid. 

(lL) Its proportion in more complicated mixtures may be 
ascertained by admitting, to a measured portion of the gas, an 
equal volume of olefiant gas. After standing a quarter of an 
hour completely excluded from the light, a diminution of vo- 
lume will be perceived, the amount of which, divided by 2, 
shows very nearly the quantity of chlorine contained in the 
mixture. 

XVIII. Nitrous oxide supports the flame of a candle, and 
forms with hydrogen gas a detonating mixture; but nitrous 
oxide is not diminished in volume when mingled with nitrous 
gas, a property which distinguishes it from oxygen. From 
chlorine, it differs in being colourless, and almost free from 
smell, and in being only about half as absorbable by water. 

XIX. Niulrous gas is diminished in volume, dense red fumes 
being at the same time produced, when it is mingled with 
oxygen gas or with atmospheric air. I*rom the amount of its 
diminution under certain circumstances, its quantity may be 
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estimated. (See vol. i. p. 308.) Nitrous gas is distinguished, 
also, by the property of being absorbed by the solution of green 
sulphate of iron, and may, by means of that solution, be se- 
parated from several other gases. 

XX. Incompatible gases.—Of the gases that support com- 
bustion, oxygen and nitrous gas cannot exist together in the 
same mixture, since they mutually condense each other. So 
also do nitrous gas and chlorine, or its protoxide. 

(a) Chlorine and oxygen gases are separable from each other 
by liquid potassa, which absorbs the chlorine only. In the 
same way, chlorine may be separated from nitrous oxide. 

(L) Oxygen and nitrous oxide may be separated by a solu- 
tion of nitrous gas in sulphate of iron, which condenses the 
oxygen only. 

(c) Nitrous gas may be absorbed from a mixture with m- 
trous oxide, by solution of green sulphate of iron, which acts 
only on the former gas. | 


Examination of Combustible Gases. 


XXI. Odour.—Some insight into the nature of these gases 
may be gained from their odour.. Hydrogen and its com- 
pounds with carbon are, when pure, nearly free from odour. 
Sulphureted hydrogen resembles the washings of a gun barrel ; 
phosphureted hydrogen has a peculiar odour, difficult to de- 
scribe, but resembling that of onions; biphosphureted hy- 
drogen a similar smell in a still greater degree; arsenureted - 
hydrogen that of garlic; tellureted hydrogen resembles sul- 
phureted hydrogen; and sclenureted hydrogen has a most 
penetrating smell of horse-radish, and, even in very small quan- 
tity, excites a painful inflammation of the membrane of the 
nostrils. 

XXII. Spontaneous inflammability—Biphosphtreted hy- 
drogen is the only gas that takes fire spontaneously, when suf- 
fered to escape into the atmosphere. 

XXII. Action of pure alkaline solutions.x—Sulphureted, 
tellureted, and selenureted hydrogen are the only species of 
inflammable gases that are rapidly absorbed by liquid potassa. 
~ XXIV. Action of chlorine-—Chlorine acts upon all the 
combustible gases, but with phenomena peculiar to each, 
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(a) Both varieties of phosphureted hydrogen inflame sponta- 
neously when brought into contact with chlorine, and, if in 
sufficient quantity, even detonate loudly. 

(b) Sulphureted hydrogen is immediately decomposed by 
chlorine, and sulphur is precipitated. One volume of the in- 
flammable gas requires, for complete decomposition, one vo- 
lume of chlorine. | 

(c) Bicarbureted hydrogen (olefiant gas) is speedily condensed 
by chlorine into an oily looking liquid with an etherial smell, 
which floats on the surface of the water. One volume of cle- 
fiant gas condenses one volume of chlorine. Hence it is easy, 
by dividing the diminution of volume by 2, to estimate the 
amount of the former gas. ‘The olefiant gas should be added 
to the chlorine in a graduated tube shaded from the light, and 
about a quarter of an hour should be allowed for the full effect 
to be produced, especially if the tube be of small diameter. 

(d) Hydrogen and carbureted hydrogen are not acted upon 
by chlorine, provided the mixture be made and preserved in 
a tube from which all light, both direct and reflected, is care- 
fully excluded. But the ordinary hght of day, and still more 
the direct rays of the sun, falling on the mixture, occasions a 
speedy action of the gases on each other ; and if the quantity 
be considerable, and the proportions properly adjusted, an ex- 
plosion often ensues. 

XAV. Action of nitrous gas on inflammable gases.—(a) 
Nitrous gas, beside being acted upon by oxygen, by chlorine 
and its protoxide, and by sulphurous acid gas, is also con- 
densed by biphosphureted hydrogen and by sulphureted hy- 
drogen. When mingled with the last mentioned gas, the de- 
composition is slow, sulphur is deposited, and ammonia and 
nitrous oxide are formed. 

(6) On hydrogen and both the varieties of carlureted hy- 
drogen, nitrous gas has no action at common temperatures. 
It may, therefore, be employed to determine the proportion of 
oxygen in a mixture of oxygen gas or atmospheric air with 
any of those three, gases, according to the rules given vol. i. 
p- 308. 

XXVI. Action of the solution of chloride (oxymuriate) of 
lime.—This solution, Mr. Dalton finds, absorbs phosphureted 
hydrogen, conyerting -it into phosphoric acid and water, but 
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has no action on simple hydrogen. It is probably inefficient, 
also, on the two varieties of carbureted hydrogen. 

XXVII. Solutions of acetate of lead and nitrate of mercury. 
—These solutions, even when heated to 120° Fahrenheit or 
upwards, absorb sulphureted hydrogen, but do not affect the 
other combustible gases; nor do they, at that temperature, 
act on carbonic acid. A similar property belongs also to car- 
bonate of lead precipitated by carbonate cf ammonia from a 
cold solution of the acetate. In all these cases, a copious 
black precipitate is formed consisting of the sulphuret of lead 
or of mercury. ‘The use of carbonate of lead in separating 
sulphureted hydrogen from other gases, I find to be susceptible 
of great precision (Ann. of Phil. xv. 55), and at p. 431, vol.i., 
I have shown that it is capable of detecting one part of sul- 
phureted hydrogen when mixed with 20.000 of any other gas. 


Such are the principal agents required in operating on the 
inflammable gases. By using them in succession, considcrable 
progress may be made towards the analysis of mixtures of 
these gases. It may be proper to add a few rules for distin- 
guishing the individual gases of this class, and estimating their 
quantities. 
> XXVIII. Tellureted, potassureted, selenureted, and arse- 
nureted hydrogen are of such rare occurrence, that it may be 
sufficient to enable the experimenter to recognise them, if a 
few of their leading characters are here enumerated. 

(a) Tellureted hydrogen is absorbed by liquid potassa, but 
not by acetate of lead. It is decomposed when mixed with 
chlorine, and if that gas be transmitted through the solution 
of tellureted hydrogen in liquid potassa, the liquid acquires 
the property of forming a white precipitate with alkaline car- 
bonates, and a black one with hydro-sulphurets. (Children’s 
Translation of Thenard, p. 25.) 

(L) Potassureted hydrogen is instantly decomposed when 
brought into contact with water; hydrogen is liberated; and 
potassa formed. 

(c) Arsenureted hydrogen has a nauseous smell, is sparingly 
soluble in water, is not absorbed by liquid potassa, but is in- 
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stantly decomposed by chlorine, and condensed into a liquid, 
from which water, impregnated with sulphureted hydrogen, 
throws down a yellow flakey precipitate. When mingled with 
gases that support combustion, it is discoverable by intro- 
ducing a lighted taper into a tube filled with the gas, the sides 
of which will be immediately covered with a chesnut brown 
hydruret of arsenic. 

(d) Selenureted hydrogen may be recognized by its odour 
(xxi.) by its absorbability by water, with which it affords a 
solution that in a few minutes becomes opalescent, reddish on 
the surface, and then deposits selenium. ‘The watery solution 
reddens litmus, has an hepatic flavour, and gives a permanent 
brown stain to the skin; but by keeping is entirely decom- 
posed. | 

X XIX. The mixtures, which may be expected most fre- 
quently to occur, of combustible gases with each other, are those 
of hydrogen, sulphureted hydregen, carbureted hydrogen, bi- 
carbureted hydrogen (olefiant gas), and carbonic oxide, occa- 
sionally withsmall proportionsof nitrogen or carbonicacid gases. 

Of these gases there are three, which may be removed from 
such a mixture by very simple processes, vz. sulphureted hy- 
drogen, carbonic acid, and olefiant gas. 

(a) Sulphureted hydrogen may be absorbed, as already di- 
rected, by solution of acetate of lead, or by carbonate of lead 
fresh precipitated from the acetate, and diffused through a 
small quantity of water. Neither of these substances acts on 
carbonic acid or olefiant gases. 

(l) After having thus removed the sulphureted hydrogen, 
liquid potassa will absorb the carbonic acid, and will indicate 
its quantity by the amount of the absorption. 

(c) Or we may act on one portion of the entire gas with po- 
tassa, and on another with acetate or carbonate of lead. ‘The 
latter, affecting only the sulphureted hydrogen, we may deduct 
the absorption it produces, from the total abscrption by po- 
tassa, and the remainder will show the proportion of carbonic 
acid. Tor example, if the absorption by potassa be 10 mea- 
sures, and by lead 2, then 10 — 2 = 8 shows the carbonic 
acid. 
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(d) Olefiant gas mixed with one or more of the following 
gases, viz. hydrogen, carbureted hydrogen, carbonic oxide, or 
nitrogen, may be detected and estimated as follows. Into a 
graduated tube about 3-10ths of an inch in diameter, pass 
20, 25, or 30 measures of chlorine, observing its quantity when 
actually in the tube, which is then to be shaded from the light 
by an opake cover of tin or pasteboard. To the chlorine pass 
up 50 measures of the gas under examination; let the mixture 
od 10 or 15 minutes; and then gradually raise the cover 
till the surface of the water within the tube appears. Note 
the diminution, and divide its amount by 2, which will give 
the quantity of olefiant gas. 

(¢) Wash the residuum of the process (d@) with liquid po- 
tassa. This will absorb any redundant chlorine. ‘The mixture 
may how contain one or more of the following gases, viz. hy- 
drogen, carbureted hydrogen, carbonic amas, and nitrogen, 

XXX. To analyze mixtures of hydrogen, 5 cislagsietatt hy- 
drogen, carbonic oxide, and nitrogen, is a problem of considera- 
ble difficulty, since we are not acquainted with any agent, 
either liquid or acriform, that will condense one of those gases, 
leaving the others untouched. The only method of judging 
of the composition of such a mixture is, to fire a small quan- 
tity in a Volta’s eudiometer over mercury, with oxygen gas, 
the degree of whose purity has been previously ascertained, and 
which must be employed in a proportion somewhat exceeding 
what is necessary for saturating the inflammable gas. Note the 
amount of the diminution after firing; then admit liquid po- 
tassa to the gas, and observe how much is absorbed; and 
ascertain the proportions of oxygen and nitrogen in the re- 
sidue, by processes which will be presently described. 

In estimating the composition of a mixed gas, from the 
phenomena gad results of its combustion, the following ‘Table 
will be found useful. Olefiant gas is included, though not — 
strictly necessary, in order to render the view of these com- 
pounds more complete. 


nat 
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Table showing the Results of Firing the Combustible Gases 
with Oxygen. 


100 vols. Diminished Carbonic 


Names of vases. Sp. gr. | require | Total. by acid 
oxygen. firing. | produced, 


ed Bt 


Olefiant gas..... 10 7eo 300 400; |200 = +) 200 
Carb. hydrogen. . .|.5555 | 200 300 |2700 = 2} 100 
Hydrogen gas ..../ .0690 50 1SO" 150" Sere 0 
Carbonic oxide...| .9722 50 150 5028 SEO 


a = - —— 


(a) If the gas under examination afford no carbonic acid by 
combustion with an excess of oxygen, it may then be either 
hydrogen only, or hydrogen with a proportion of nitrogen. In 
the first case, two measures of the gas will have condensed one 
of oxygen, making a diminution of three measures. In the 
second case, the diminution will be Jess than three measures. 
It is unnecessary to repeat in this place the directions which 
have already been given, vol. i. p. 237, for analyzing mixtures 
of hydrogen and nitrogen gases. 

(b) If the gas be found to have condensed twice its volume 
of oxygen, and to have given an equal volume of carbonic 
acid, it may be considered as pure carbureled hydrogen gas. 

(c) If, while it affords an equal volume of carbonic acid, it 
has consumed only half its volume of oxygen, these are the 
characters of pure carbonic oxide. 

(2d) But if the gas under examination does not answer ex- 
actly in its characters to any one of those enumerated in the 
table, it may be inferred roll a mixture of two or more of 
the three last, with perhaps a proportion of nitrogen. 

(e) The presence of nitrogen will be indicated by our find- 
ing, in the residuary gas after the action of liquid potassa, 
more nitrogen than can be traced to the oxygen gas employed 
in effecting the combustion. To decide this, add, to the residue, 
nearly twice its volume of hydrogen, and pass an electric spark 
through the mixture. Ifan explosion take place, we shall learn. 
the amount of the residuary oxygen by dividing the diminution 
of volume on firing by 3, and the quotient, deducted from the 
whole residue, will show its proportion of nitrogen. If the 
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quantity of nitrogen, thus determined, agree with that which 
formed part of the oxygen gas, no nitrogen is indicated in the 
inflammable gas; but if it exceed, the fdgidpenl quantity must 
be referred to the combustible gas. } 

(f) If the mixture consist of hydrogen, carbureted hydro- 
gen, and carbonic oxide, without any nitrogen, the propor- 
tions of each may be investigated as follows. ‘Take the spe- 
cific gravity of the gas in the way already directed vol. i. p. 
19, and then try what hypothetical proportions will most 
nearly agree with the characters of the mixture. An example 
will perhaps best explain the method of proceeding. 

Let us take then the example of a gas of specific gravity 
0.7012, 100 volumes of which have been found by experiment 
to afford by combustion 70 volumes of carbonic acid, the 
oxygen expended being 110 volumes, and the diminution on 
firing amounting to 140 volumes. Now, on inspecting the 
table, it must be obvious that these 70 volumes of carbonic 
acid cannot all have been produced from carbureted hydrogen, 


for in that case they would have required 140 volumes of 


oxygen, whereas only 110 volumes have been condensed. 
Part of the carbonic acid must therefore have resulted from a 
gas requiring less oxygen than is consumed by carbureted 
hydrogen; and the only gas answering to this description is 
carbonic oxide, the presence of which in the mixture may 
hence be safely inferred. ‘The levity of the mixed gas indi- 
cates, also, that it contains hydrogen, which is also rendered 
probable by the amount of the diminution on firing. On try- 
ing various proportions, the following will be found to afford 
the best explanation of the phenomena and products of com- 
bustion. 


Consume Give carbo- Condensed 
oxygen. nic acid. by firing. 


40 vols. of carb. hydrogen..°80. ....-+ 40ugire... SO. 


30 ee CAL DOUMIC ORIUIER, | lek ecqcsvecese ct. a Ab'sice eee Ls 
50 er < aaa BES hydrogen eeesv 15. oe e886 © O. @ece@8 8 Aa, 

100 110. 70. 2 140. 
VOL. II. { at 


Bs 
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The specific gravity of such a mixture ought to be 


9722 x 4 = 3.8888 
H80*: KS .2070 
122 -x (3 s= 2.0166 


7.0124 + 10 = 0.70124. 


Such a coincidence of specific gravity with the results of 
combustion furnishes all the evidence, which is at present at- 
tainable, of the composition of mixtures of this kind; though 
it must be confessed that it is less complete than that which 
may be obtained in almost all other cases of gaseous mixtures. 


Analysis of Mixtures of Inflammable Gases, with Gases 
that support Combustion. 


XXXI. No mixture, it must be obvious, can exist of gases 
that support combustion with gases that are spontaneously in- 
flammable; for instance, of oxygen, nitrous oxide, or chlorine 
with phosphureted hydrogen. Nor is sulphureted hydrogen 
compatible with chlorine or with nitrous gas; nor chlorine 
with olefiant gas, or indeed with any of the varieties of car- 
bureted hydrogen, unless light be carefully excluded from 
the mixture. But oxygen gas and atmospheric air may be, 
and the latter frequently is, mingled with hydrogen, carbureted 
hydrogen, olefiant gas, or carbonic oxide. 

(a) A mixture of hydrogen and oxygen gases may be exa- 
mined either by exploding the mixture (rendering it com- 
bustible, if not already so, by adding more of the gas which 
may be deficient), or by the action of nitrous gas, or of a so- 
lution of nitrous gas in sulphate of iron. 

(L) Atmospheric air mixed with hydrogen may be investi- 
gated by two separate experiments, the one for determining 
oxygen, the other nitrogen, by rules already given, vol. i, p. 
236 and 2a" 

(c) The presence of oxygen gas in olefiant gas, carbureted 
hydrogen, or carbonic oxide, may be easily ascertained by the 
effect of adding nitrous gas, which produces a dense red vapour 
and a diminution of volume; and the quantity of oxygen may 
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be estimated in the manner described vol. i, page 308. For 
detecting nitrogen, and ascertaining its quantity, rules have 


already been given, XXX. d. 
Mixtures of Condensible Vapours with Gases. 


XXXII. There are several vapours, which, at ordinary 
temperatures, are capable of existing as such, in a state of mix- 
ture with atmospherical air and other gases. In this state, it 
does not appear that the vapour is united with the gas by any 
affinity, but rather that, according to the theory of Mr. Dalton, 
it has a distinct and independent existence; for each vapour, 
when mingled with air or any other gas, at a certain tempera- 
ture, has exactly the same tension or elasticity, which it would 
have iz vacuo at the same temperature. (See page 334.) It is 
easy then by inspecting the tables contained in the Appendix to 
this work, showing the force of the vapours of various fluids at 
different temperatures, to ascertain what proportion those va- 
pours form of the whole weight of any gas. or example, at 
60° Fahr. and 30 inches of the barometer, atmospheric air, 
fully charged with moisture, contains aqueous vapour, the 
force of which is equivalent to ~;th that of the whole atmo- 
sphere. In vol. 1. p. 25, rules are given for calculating what 
proportion of any mixture of gas and vapour, the vapour con- 
stitutes at a given temperature and pressure. With respect 
to the vapour of water, this is a correction which requires 
frequently to be made in calculating the weight of gases ; and 
the same formula, which enables us to determine it in that case, 
is applicable to others, if for 0.620, (the specific gravity of 
steam) we substitute the specific gravity of any other gas or 
vapour, that may be the subject of investigation. 

The vapours which may be occasionally mixed with per- 
manent gases are, 

(a) Aqueous vapour, or the steam of water— This must ne- 
cessarily exist in all gases confined by water, and its quantity 
will be proportionate to the temperature, as shown in the table 
of the force of vapour. The proportion which it constitutes 
of any gas, at a given temperature, may be determined by 
the rule given vol, i. p. 25. 

212 
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Gases standing over mercury frequently also contain aque- 
ous vapour. Its presence may be shown, either by surround- 
ing with a freezing mixture a portion of the gas contained ina 
glass tube, when the inner surface of the tube will be obscured 
by a thin film of ice; or it may be discovered by a few bub- 
bles of fluoboric gas, which occasion a dense white cloud. 
From gases confined over mercury, aqueous vapour may be 
removed, by bringing into contact with them chloride of cal- 
cium, recently cocled from a state of fusion. 

(b) Nitrous acid vapour.—This is sufficiently distinguishable 
by its red colour, and its odour of nitrous acid. It is incom- 
patible with sulphureted, phosphureted, tellureted, or arse- 
nureted hydrogen, with ammonia, with sulphurous acid when 
water is present, and probably with hydriodic acid. 

(c) The vapour of alcohol may be known by its odour, but 
it does not, at common temperatures, form a combustible mix~ 
ture with atmospheric air or oxygen gas. 

(d) The vapour of ether composes with oxygen gas an in- 
flammable mixture which detonates violently. | 

All the three foregoing vapours are separated from perma- 

nent gases by passing the mixture through water, but ether less 
readily than the others. 
_ (e) The vapour of naphtha is distinguishable by its peculiar 
smell. At common temperatures it does not form a combus- 
tible mixture with oxygen. It has so little affinity for water 
that a gas, with which it is mingled, may be several times 
passed through water, and even kept over that fluid without 
being deprived of it. (Saussure, Ann. of Phil. x. 120.) 

(f) The vapour of sulphuret of carlon may be known by 
its smell, and by the other properties belonging to that sub- 
stance, described vol. i. p. 451. : 

There are various other fluids which yield vapours capable 
of forming permanent mixtures with the gases; but they are 
not likely to become subjects of examination, and in general 
they are sufficiently discriminated by the characters of smell 
or colour. 
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TABLE, 


Referring to the Methods of detecting the different Gases, and 
analyzing Mixtures of them with each other. 


N.B. The numerals, unless otherwise expressed, refer to 
the foregoing paragraphs. 


Air, atmospheric. (See the Index to this work, article Eu- 
diometer.) Mixed with combustible gases, XX XT. 

Ammonia. Absorption by water, I. Separation from other 
gases, ITT. 

Bicarbureted hydrogen. See hydrogen, bicarbureted. 

Biphosphureted hydrogen. See hydrogen, biphosphureted. 

Borax. Gases absorbed by, V. 

Carbonic acid. Separation from muriatic and sulphurous 
acid gases, VIJ. From sulphureted hydrogen, &c. X XIX. 
Gplie: 

Carlonic ovide. Characters, and method of estimating its 
quantity, RX X.c, 

Carbureted hydrogen. See hydrogen carbureted. 

Chlorine. Tests of, XVII. a. Separation from other gases, 
b. From oxygen gas, XX. a. Action on combustible gases, 
XXIV. i 

Chlorine, protoxide of, I. Characters, IIT. c. 

——~ peroxide of, I. Characters, III. c. 

Chloro-carlonic acid, VIL. e. 

Colours of gases, III. «. XII. 

Combustible gases, XXI. Mixtures with supporters of com- 
bustion, XX XI. - 

Combustion, gases that support, XV. XVI. &e. 

Cyanogen. ‘Tests of, ILI. d. 

Fluoboric acid gas. Absorption by water, I. Tests of, 
VIL cz 

Fluosilicic acid gas. Absorption by water, I. Tests of, 
VILL d. 

Gases, acid, II. IV. Fuming, IV. 
absorption by water, IX. 
~ alkaline, II. 
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Gases, coloured, XII. 

— combustible, X XI. XXX. 

——-— that support combustion, XV. XVI. 

— incompatible, II. XX, XXXII. XXXII. 0. 
— odour of, XIII. X XI. 

Gravity, specific, of gases, XT. Its coincidence with analytic 
results, XXX. e. 

Hydriodic acid gas. Absorption, I. Tests of, VIII. a, ¢. 

Hydrogen gas. Characters, XXX, «. How estimated when 
mixed with other combustible gases, X XX. 

Hydrogen,arsenureted. Odour, X XI. Characters, X X VIII... 

Flydrogen, bicarbureted. (olefiant gas.) Action of chlorine, 
XXIV. c. Separation from other gases, X XIX. d. 

Hydrogen, biphosphureted, XXIV. a. 

— carlureted. Action of chlorine, XXIV. d. How 
separated from other gases, XXX. Characters, XXX. 0. 
Hydrogen, phasphureted, (phosphoric gas) XXIV. a. 
potassureted. ‘Tests of, XXVIII. 0. 
selenureted. Odour, X XI. Characters, XXVIII. d. 

Hydrogen, sulphureted. Odour, X XI. Action of chlorine, 
XXIV. l. Absorbed by hot solutions of lead and mercury, 
XXVIT. KX XIX. a. a 

Hydrogen, tellureted. Odour, X XI. Characters, XXVIII. a. 

Litmus. Gases that redden it, X. 

Muriatic acid gas. Absorption by water, I. . By borax, V. 
b. Analysis of mixtures of, VII. 

Nitrogen, with oxygen gas. (See air, atmospheric.) Analysis 
of mixtures of with combustible gases, XXX. d. 

Nitrous acid vapour, XXXII. bl. 

Nitrous gas. ‘Testsof, XTX. Action on combustible gases, 
XXV. Separation from oxygen gas, XX. c. 

Nitrous oxide. ‘Tests of, XVIII. Separation from oxygen 
gas, XX. l. 

Odour of gases, XIII. X XI. 

Olefiant gas. See Hydrogen, bicarbureted. — 

Oxygen gas. Tests of, XVI. Separation from chlorine, 
XX. a; from nitrous oxide, XX. b; from nitrous gas, XX. 
c; from combustible gases, XXV.c; XXXI. d. 

Phosgene. See Chloro-carbonic acid gas. 
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Phosphureted hydrogen. See hydrogen. 

Potassa, liquid, gases absorbable by, XIV. XXIII. 

Sulphureted hydrogen. See hydrogen, sulphureted. 

Sulphurous acid. Absorption by water, I.; by borax, V. 
a; by peroxide of lead, VI. Separation from muriatic acid 
gas, VII. l; from carbonic acid, VII. c. 

Tellureted hydrogen. See hydrogen, tellureted. 

Vapours mixed with gases, XXXII. 

Water. Action on gases, I. EX. Steam ofin give KRXIL a. 


7 


ie 
SECTION II, 
Directions for Examining Mineral Waters. 


THE complete and accurate analysis of mineral waters, and 
of mineral bodies in general, is one of the most difficult sub- 
jects of chemical manipulation, and requires a very extensive 
acquaintance with the properties and habitudes of a numerous 
class of substances. Long and attentive study of the science is 
therefore essential to gitalify any one for undertaking exact 
and minute determinations of the proportions of the compo- 
nent parts of bodies. Such minuteness, however, is scarcely 
ever required in researches that are subservient to the ordinary 
purposes of life; a general knowledge of the composition of 
bodies being sufficient to assist in directing the most useful 
applications of them; and this, generally speaking, may be 
obtained by experiments that require, for their performance, 
only a moderate share of skill in practical chemistry. In 
some instances, however, where a varicty of foreign sub- 
stances are present In a natural water, it requires exten- 
sive chemical knowledge and great consideration, to devise 
the proper experiments, and to draw the proper inferences 
from their results. Much indeed must always be left to the 
judgment of the operator, and this will be materially assisted 
by a careful study of the best models of this kind of investiga- 
tion, which are to be found in the analyses of particular waters 
by Black, Lavoisier, Marcet, Phillips, Gay Lussac, and other 
eminent chemists. 
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Before proceeding to the analysis of a water, it is proper to 
inquire into its natural history, and to examine attentively its 
physical characters. The nature of the strata in the neigh- 
bourhood of the spring, will often furnish useful suggestions 
respecting the contents of the water; the period of the year 
should be stated at which the analysis was performed; and 
whether after a rainy or dry season. The temperature of the 
water must be carefully observed, as it issues from the spring; 
and the quantity inquired into, which it yields in a given time. 
The sensible qualities of taste, smell, degree of transparency, 

&c., are also best ascertained at the fountain-head. ‘The spe- 
cific gravity of the water may be found by weighing a bottle, 
which is capable of containing-a known weight of distilled 
water at a certain temperature, filled with the water under 
examination, at the same temperature; or by the use of a very 
sensible hydrometer, as recommended by Mr. Dalton. (Man- 
chester Society’s Memoirs, N.S. iii. 54.) It is proper, also, 
to examine, on the spot, the channel through which the water 
has flowed; to collect any deposit that may have been formed ; 
and to investigate its nature. 

The effects of heat on the water may be next tried.—Many 
waters lose their transparency when their temperature is 
raised, and Ict fall a considerable deposit. The quality of 
this may, in some degree, be conjectured from its appearance. 
If its colour be eet yellow, it consists, either wholly or 
chiefly, of oxide of iron; if white, or nearly white, it is com- 
posed principally of the carbonate of lime or magnesia. A mi- 
neral water, containing iron, deposits that metal also, when 
exposed to the atmosphere; and a thin pellicle forms on its ° 
surface, whether stagnant in a natural reservoir, or collected 
in a separate vessel. By this exposure, iron may be some- 
times discovered in a water, though not easily detected at first ; 
because it becomes farther ie and more sensible to “td 
action of tests. An exception, however, to this remark will 
be stated in describing the application of the test of tincture 
of galls. Sulphureted waters deposit a sediment, even when 
preserved in a well-closed phial; the hydrogen quitting the 
sulphur, which settles in the form of a white powder. 
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Art, I—Examination of Mineral Waters by Re-agents. 


Water is never presented by nature in a state of complete 
purity. Even when collected as it descends in the form of 
rain, chemical tests detect in it a minute proportion of foreign 
ingredients. And when it has been absorbed by the earth, has 
traversed its different strata, and is returned to us by springs, 
it is found to have acquired various impregnations. ‘The 
readiest method of judging of the contents of natural waters, 
is by applying what are termed ées/s, or re-agents ; 7. e. sub- 
stances which, on being added to a water, exhibit, by the phe- 
nomena they produce, the nature of the saline, or other in- 
eredients.—For example, if, on adding infusion of litmus to 
any water, its colour is changed to red, we infer, that the 
water contains an uncombined acid: if this change ensue, 
even after the water has been boiled, we judge that the acid is 
a fixed, and not a volatile one: and if, on adding the muri- 
ate of baryta, a precipitate falls down, we safely conclude 
that the peculiar acid, present in the water, is either entirely, 
or in part, the sulphuric acid. I shall first enumerate the tests 
generally employed in examining waters, and describe their 
application; and, afterwards, point out by what particular 
tests the substances, generally found in waters, may be de- 
tected. 

In many instances, a mineral water may contain a saline, or 
other ingredient, but in such small quantity as to escape dis- 
covery by tests. It is therefore advisable to apply the tests cf 
fixed substances to the water, after reducing its bulk one half, 
or in some cases considerably more, by evaporation, as well 
as in its natural state. 

The use of tests, or re-agents, has been employed by 
Mr. Kirwan to ascertain by a careful examination of the pre- 
cipitate not only the hind, but the quantity, of the ingredients 
of mineral waters. This will be best understood from an ex- 
ample. It isan established fact, that 100 parts of crystallized 
chloride of sodium, when completely decomposed by nitrate of 
silver, yield, as nearly as possible, 240 of precipitated chloride 
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of silver. From the weight of the precipitate, separated by 
nitrate of silver from a given quantity of any water, it is there- 
fore easy, when no other muriatic salt is present, to infer, 
what quantity of chloride of sodium was contained in the 
water; since every hundred grains of fused chloride of silver 
indicate, pretty accurately, 414 of crystallized common salt. 
The same mode of estimation may be applied in various other 
instances; and the rule for each individual case will be stated 
in the following description of the use of the various re-agents. 
The scale of equivalents will give, by mere inspection, the 
quantities of different salts, from which the precipitates that 
are obtained, have resulted. It is, indeed, an instrument quite 
essential in prosecuting investigations of this kind.* 

For the analysis of mineral waters, and of mineral bodies 
in general, tests of the utmost purity are required. ‘These 
will be found enumerated in their order in the following 
pages, and they are all absolutely necessary in investigating 
the composition of natural waters. It will be found extremely 
useful to keep the three mineral acids, the alkalis, and the 
alkaline carbonates, in a liquid form, and of such strength, 
that one measure of the one will neutralize either.one measure, 
or some simple multiple of one, of the other. The advantage, 
thus obtained, is, that when it is necessary to precipitate a 
substance, held in solution by an acid, we can take just the 
quantity of alkali required for the purpose; a precaution of 
great use in all cases, where the substance to be precipitated 
is re-dissolved by adding an excess of the precipitant; as 
happens, for instance, with respect to alumina, which is pre- 
cipitated by the proper quantity of potassa, and re-dissolved 
by adding more. Itis of no consequence of what precise 
strength these solutions are; but the following will be found 
of convenient density; and, though perhaps the numbers 
may require a little correction in some instances, yet they 
are sufficiently accurate for the purpose they are intended 
to serve. 


* See the directions for its use, prefixed to the Table of Equivalents in 
the Appendix. 
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Measures for 100 Water gr. 
Liquids. Sp. gravity. saturation. measure contain 


Seipluric acid. P2135. SE ee OTR area) 
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Subcarb. potassa.. 1.248...... 
—_———- soda.... 1.110...... 
——_——— ammonia 1.046...... 


The first column of the foregoing ‘Table expresses the spe- 
cific gravity of the liquid test; the second, the number of 
measures of each required for saturating any of the others; 
and the third, the number of grains of real acid, real alkali, 
or solid carbonate, in 100 measures of solution, each measure 
being equal to a grain of water. From the last column, and 
with the aid of the Scale of equivalents, it is easy to calculate 
how much of any other test, of known composition, is re- 
quired for decomposing 100 water grain measures of any of 
the solutions in the Table. Thus 15.7 grains of real sul- 
phuric acid will be found, by Dr. Wollaston’s scale, to be 
capable of decomposing 41.2 grains of dry chloride of barium 
(equal to 48 of the crystallized salt). It may be advi- 
sable, therefore, to keep muriate of baryta, of such strength, 
that 400 water grain measures may be equivalent to 48 grains 
of the crystals; in which state the solution will be more 
convenient for use, than if it were stronger. ‘The same plan 
may be extended to other tests, the quantities of which may 
thus be accurately adjusted to the purpose intended to be 
answered. Indeed, it would contribute very much to accuracy, 
as well as to economy, if all the chemical solutions, kept for 
purposes of research, had their specific gravity, and the pro- 
portion of their ingredient in a real or solid state, marked on 
the labels of the bottles containing them,—a practice of which 
Ihave long experienced the advantages. When we are thus 
provided with tests of known purity and strength, Mr. Dalton 
recommends that we drop, into a measured quantity of the 
water under examination, certain known quantities of each test 
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from a dropping tube graduated into grains, till the required 
effect is produced ; then from the quantity of the test expended, 
the quantity of saline matter in the water may be determined 
without the trouble of collecting the precipitate ; or if the latter 
be done, the one method will be a check upon the other. 
(Manchester Society’s Memoirs, N.S. i. 61.) 

When filters of paper are used for collecting precipitates, 
great caution is necessary that their weight should be the 
same, before and after the experiment. ven during the time 
of weighing, they acquire moisture from the atmosphere; and 
it is therefore necessary, before taking their weight correctly, 
to obtain an approximation to it; after which, the paper being 
again dried, less time is occupied in determining it within the 
fraction of a grain. The unsized paper, which accompanies 
Mr. Watt’s copying machines, answers the purpose extremely 
well. Itis this which was always employed by Berzelius, 
whenever he used filters at all; but their use, when the nature 
of the precipitate admits, he thinks should be avoided.* I 
am not inclined, however, to coincide in his rejection of filters, 
and am of opinion that, when they are carefully and skilfully 
used, there is no better way of collecting and drying precipi- 
tates. In order to wash away, completely, all soluble matter, 
a stream of distilled water should be directed upon the edge 
of the paper, when laid in the funnel, either from a dropping 
tube or from the bottle, fig. 25, a. . 


I.—Infusion of Litmus, Syrup of Violets, &c. 


The infusion of litmus is prepared by steeping for several 
hours this substance, first bruised in a mortar, and tied up in 
a linen bae, in distilled water, which extracts its blue colour. 

If the colour of the infusion tend too much to purple, it may 
be amended by a drop or two of solution of pure ammonia; 
but of this no more must be added than is barely sufficient, 
lest the delicacy of the test should be impaired. 

The syrup of violets is not easily obtained pure. The 
genuine syrup may be distinguished from the spurious by a 
solution of corrosive sublimate, which changes the former to 


* 78 Ann. de Chim, 31, 
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green, while it reddens the latter. When it can be procured 
genuine, syrup of violets is an excellent test of acids, and may 
be employed in the same manner as the infusion of litmus. 
It indicates, also, the presence of alkalis, which turn it green. 

Paper stained with the juice of the March violet, or with 
that of the scrapings of radishes, answers a similar purpose ; 
being turned red by acids, and green by alkalis. In staining 
paper for the purpose of a test, the paper must be used un- 
sized; or, if sized, it must previously be well washed with 
warm water; because the alum, which enters into the compo- 
sition of the size, will otherwise change the vegetable colour 
to red. 

In the Philosophical Magazine, vol. 1. page 180, may be 
found some recipes for other test liquors, invented by the late 


celebrated Mr. Watt. 

Infusion of litmus is a test of most uncombined acids. 

1. If the infusion redden the unboiled, but not the boiled 
water, under examination; or if the red colour, occasioned 
by adding the infusion to a recent water, return to blue, on 
boiling; we may infer, that the acid is a volatile one, and 
most probably the carbonic acid. Sulphurcted hydrogen gas, 
dissolved in water, also reddens litmus, but not after boiling ; 
and its presence is easily discovered by its offensive smell. 

2. 'Toascertain whetherthe change be produced by carbonic 
acid or by sulphureted hydrogen, when experiment shows that 
the reddening cause is volatile, add a little lime-water, or, in 
preference, barytic water. ‘This, if carbonic acid be present, 
will occasion a precipitate, which will dissolve, with efferves- 
cence, on adding alittle muriatic acid. Sulphureted hydrogen 
may also be contained, along with carbonic acid, in the same 
water ; which will be determined by the tests hereafter to be 
described. 

In some cases, when the change of colour is so slight as to 
be scarcely perceptible, it may be proper to use half a pint or 
more of the water which we are examining, and to mix it with 
the infusion of litmus in a broad shallow glass vessel, set on a 
sheet of white paper; using for the sake of comparison a simi- 


Jar vessel of distilled water, coloured by an equal quantity of 
the litmus infusion. 
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3. Paper tinged with litmus is also reddened by the presence 
of carbonic acid, but regains its blue colour on drying. The 
mineral and fixed acids redden it permanently. That these 
acids, however, may produce their effect, it is necessary that 
they should be present in a sufficient proportion.* The dark 
blue paper, which is generaliy wrapped round loaves of refined 
sugar, is not discoloured by carbonic acid or sulphureted hy- 
drogen, but only by the stronger acids. 


I]l.—Infusion of Litmus reddened by Vinegar,—Spirituous 
Tinclure of Brazil-wood,—Tineture of Turmeric, and Paper 
stained with each of these three Substances,—Acid Tincture of 


Cabbage,—Syrup of Violets. 


All these different tests have one and the same object. 

1. Infusion of litmus reddened by vinegar, or litmus paper 
reddened by vinegar, has its blue colour restored by pure 
alkalis and pure earths, and by carbonated alkalis and earths. 
This effect is even produced by carbonate of lime dissolved 
by a considerable excess cf carbonic acid; for in this case the 
fixed acid, which reddens the litmus, is neutralized by the 
line, and the volatile carbonic acid is displaced. Hence it is 
that lime, though supersaturated with carbonic acid, must 
necessarily act like an alkali on vegetable colours. 

2. Turmeric paper and tincture are changed to a reddish 
brown by alkalis, whether pure or carbonated, and by pure 
earths, but not by carbonated earths. Dr. Bostock finds that 
it is obviously affected by a solution, containing only +3)5 of 
its weight of potassa. 

Turmeric paper, it must however be stated, is turned brown 
by muriatic acid gas and strong acids in general; by boracic 
acid ; sub-acetate of lead; by all the soluble salts of iron except 
the acetate; by submuriate of zinc; and by several other 
-metallic salts, enumerated by Mr, Taraday. (Quarterly Jour- 
nal, xiii. 315,) 

3. The red infusion of Brazil-wood, and paper stained with 
it, become blue by alkalis, and earths, and even by the latter 


* See Kirwan on Mineral Waters, p. 40. 
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when dissolved by an excess of carbonic acid. In the last- 
mentioned case, however, the change will either cease to ap- 
pear, or will be much less remarkable, when the water has 
been boiled. It has been shown, also, by Bonsdorff, that both 
the paper and tincture are affected by acids, a rose colour 
being generally produced, but in a manner and degree varying 
with each particular acid. (Annals of Phil. N.S. iv. 23.) 

4. Infusion of the leaves of red cabbage in very dilute sul- 
phuric acid has a red colour, which is rendered blue by alkalis, 
when added in quantity just sufficient to neutralize the acid. 
Hence, if the infusion be made with a known quantity of acid, 
it becomes a test of the quantity of alkali in any solution. As 
it is apt to spoil by keeping, it should be prepared fresh when 
wanted, from the leaves, dried carefully and preserved in corked 
vials. 

5. Syrup of violets, when pure, is, by the same agents, 
turned green ;* as is also paper stained with the juice sg the 
violet, or with the scrapings of radishes. 


Ill.—Tincture of Galls. 


Tincture of galls is the test generally employed for discover- 
ing iron; with all the combinations of which it produces a 
black tinge, more or less intense according to the quantity of 
iron. - The iron, however, which, in natural waters, exists in 
the state of protoxide, in order to be detected by this test, 
must be in the state of peroxide. If oxidized in a less degree, 
its effect will not be apparent, unless after standing some time 
in contact with the air, or adding some substance, such as a 
little of the solution of chloride of lime, which speedily con- 
verts the protoxide into peroxide. By applying tincture of 
galls before and after evaporation or boiling, we may know 
whether the iron be held in solution by carbonic acid, or by a 
fixed acid; Tor, 

1. If it produce its effect before the application of heat, and 
not afterward, carbonic acid is the solvent. 


* In preference to the syrup, Mr. Descroizilles recommends as a test the 
pickle of violets, prepared by adding common salt to the expressed juice. 
(Annales de Chimie, Ixvii, 80; or Nicholson’s Journal, xxv, 232.) 
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2. If after boiling and filtration through paper, as well as 
before, a mineral acid is the solvent. 

3. If, by the boiling, a yellowish powder be precipitated, 
and yet galls continue to strike the water black, the iron, 
as often happens, is dissolved both by carbonic acid and by a 
fixed acid. A neat mode of applying the gall-test was used 
. by M. Klaproth, in his analysis of the Carlsbad water; a 
slice of the gall-uut was suspended by a silken thread in a 
Jarge bottle of the recent water, and so small was the quantity 
of iron, that it could only be discovered in water fresh from 
the spring, by a slowly-formed and dark cloud, surrounding 
the re-agent.* 

It has been remarked by Mr. R. Phillips, that the presence 
of carbonate of lime modifies considerably the action of the gall 
test on iron. When the iron is at the minimum of oxidation, 
it rather heightens the colour produced by this test ; but when 
the metal is in the state of per-oxide, it diminishes the effect 
so much, that a very minute quantity of iron may elude en- 
tirely the action of the gall test. An ounce measure of solu- 
tion of carbonate of fine! containing <5 th of a grain of 
protoxide of iron, was sensibly gieved by tincture of galls; 
but the same proportion of protoxide, by being converted into 
peroxide, ceased any longer to affect the test. (See Children’s 
Translation of Thenard, p. 250.) 


— Sulphuric Acid. 


1. Sulphuric acid discovers, by a slight effervescence, the 
presence of carbonic acid, whether uncombined or united with 
alkalis or earths. 

2. If lime be present, whether pure or uncombined, the 
addition of sulphuric acid occasions, after a few days, a white 
precipitate. If from a mineral water, which has been well 
boiled, the addition of sulphuric acid extricates sulphureted 
hydrogen gas, Mr. Westrumb infers the presence of hydro- 
sulphuret of lime. In this case, sulphate of lime is precipi- 
tated.+ 


———w 


* Klaproth, vol. 1, page 279. + Nicholson’s Journal, xviii, 40. 
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3. Baryta is precipitated instantly, in the form of a white 
powder. 

4. Nitric and muriatic salts, in a dry state, or dissolved in 
very little water, on adding sulphuric acid, and applying heat, 
are decomposed ; and if a stopper, moistened with solution of 
pure ammonia, be held over the vessel, white clouds will 
appear. For distinguishing whether nitric or muriatic acid 
be the cause of this appearance, rules will be given hereafter. 

5. Sulphuric acid is, also, a delicate test of the presence of 
vegctable or carbonaceous matter. When to any water con-. 
taining it, sulphuric acid is added, and the water is evaporat- 
ed, it acquires a distinct brown colour, which becomes deeper 
as the liquor becomes more concentrated. 


V.—WNitric and Nilrous Acids. 


These acids, if they occasion effervescence, give the same 
indications as the sulphuric. The fuming red nitrous acid 
has been recommended as a test distinguishing between 
hepatic waters that contain hydro-sulphuret of potassa, and 
those that contain only sulphureted hydrogen gas. In the 
former case, a precipitate ensues on adding nitrous acid, and 
a very fetid smell arises; in the latter, a sheht cloudiness only 
appears, and the smell of the water becomes less disagreeable. 
If a water, after boiling, gives a precipitate cf sulphur, on 
adding nitrous acid, Westrumb concludes that this is owing 
to hydro-sulphuret of lime. 


VI.—Oxalic Acid and Oxalates. 


The oxalic acid is a most delicate test of lime, which it se- 
parates from most of its combinations. 

1. If a water, which is precipitated by oxalic acid, become 
milky on adding a watery solution of carbonic acid, or by 
blowing air through it from the lungs, by means of a quill or 
glass tube, we may infer, that pure lime (or baryta, which has 
never yet been found pure in water) is present. 

2. If the oxalic acid occasion a precipitate before, but not 
after boiling, the lime is dissolved by an excess of carbonic 
acid. In this case, by heating the water, carbonate of lime is 

VOL. Il. 2K 
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separated, in the form of a white sediment, or of a sediment 
tinged yellow by oxide of iron, when that metal is also pre- 
sent. 

3. If oxalic acid occasion a precipitate even after boiling, 
the solvent of the lime is a fixed acid. A considerable excess 
of any of the mineral acids, however, prevents the oxalic acid 
from throwing down a precipitate, even though lime be pre- 
sent; because some acids decompose the oxalic, and others, 
dissolving the oxalate of lime, prevent it from appearing.* 

The oxalate of ammonia, or of potassa (which may easily be 
formed by saturating the respective carbonates of these alkalis 
with a solution of oxalic acid), are not liable to the above 
objection, and are preferable, as re-agents, to the uncombined 
acid. Yet even these oxalates fail to detect lime when greatly 
supersaturated with muriatic or nitric acids; and, if such an 
excess be present, it must be neutralized, before adding the 
test, with pure ammonia. A precipitation will then be pro- 
duced. The presence of other earths in solution, along with 
lime, also impedes decomposition by oxalic acid and the 
oxalates. ‘Thus a watery solution of sulphate of magnesia and 
sulphate of lime is not precipitated by these tests. 

The quantity of lime contained in the precipitate may be 
known, by first calcining it with access of air, which converts 
the oxalate into a carbonate; and by expelling from this last 
its carbonic acid, by calcination, with a strong heat, in a 
covered crucible. According to Dr. Marcet, 117 grains of 
sulphate of lime give 100 of oxalate of lime, dried at 160°; 
but as there must be some uncertainty as to the degree of 
desiccation, it is perhaps the most accurate method to convert 
the oxalate into pure lime by calcination. The use of oxalate 
of ammonia, that excellent analyst finds, is in some degree 
limited by its property of precipitating the salts of iron. 

The fluate of ammonia, recommended by Scheele, I find to 
be a most delicate test of lime. It may be prepared by adding 
carbonate of ammonia to diluted fluorie acid, in a leaden ves- 
sel, observing that there be a small excess of acid. 


* See Kirwan on Waters, p. 88. 


SECT. II. ANALYSIS OF MINERAL WATERS. 499 


VIL.—Pure Alkalis and Carbonated Alkalis. 


1, The pure fixed alkalis precipitate most of the earths and 
all the metals, whether dissolved by volatile or fixed menstrua, 
but only in certain states of dilution; for example, sulphate of 
alumina may be present in water, in the proportion of four 
grains to 500, without being discovered by pure fixed alkalis ; 
and if too much of the alkali be added to a more concentrated 
solution, the alumina is re-dissolved. If the alkali be perfectly 
free from carbonic acid, it does not precipitate lime, strontia, 
or baryta, except when those earths are held in solution by 
carbonic acid in excess, and then in the state of carbonates. 

As the alkalis precipitate so many substances, it is evident 
that they cannot afford any very precise information, when 
employed as re-agents. From the colour of the precipitate, 
as it approaches to a pure white, or recedes from it, an ex- 
perienced eye will judge, that the precipitated earth contains 
Jess or more of metallic admixture. Its precise composition 
must be ascertained by rules which will presently be given. 

2. Pure fixed alkalis also decompose all salts with basis of 
ammonia, which becomes evident by its smell (unless the salts 
are dissolved in much water), and also by the white fumes it 
exhibits when a stopper, moistened with muriatic acid, is 
brought near. 

3. Carbonates of potassa and of soda have similar effects. 

4, Pure ammonia precipitates most of the earthy and all the 
metallic salts; but if quite pure, it does not precipitate lime, 
baryta, or strontia, when held in solution by any acid, except 
the carbonic, nor does it discover very small quantities of 
magnesia. It has this advantage as a precipitant of alumina, 
that when added in excess it does not re-dissolve that earth. 
To any liquid that contains copper or nickel in a state of 
solution, ammonia imparts a deep blue colour; the precipi- 
tated oxides of those metals being re-dissolved by an excess of 
the volatile alkali. 

5. Carbonate of ammonia has the same properties, except 
that it does not precipitate magnesia from its solutions at com- 
mon temperatures. Hence, to ascertain whether this earth 

ae 
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be present in any solution, add the carbonate of ammonia till 
no farther precipitation ensues; filter the liquor; raise it 
nearly to 212° Fahrenheit ; and then add pure ammonia. If 
any precipitation now occurs, we may infer the presence of 
magnesia. . It must be acknowledged that zirconia, yttria, and 
elucina, would escape discovery by this process; but they have 
never yet been found in mineral waters; and their presence 
can scarcely be expected. Of the presence of magnesia an- 
other test is described in Section XIX. 


VIII.—Lime-Waier. 


1. Lime-water is applied to the purposes of a test, chiefly 
for detecting carbonic acid. Let any liquor supposed to con- 
tain this acid be mixed with an equal bulk of lime-water. If 
carbonic acid be present, either free or combined, a precipi- 
tate will immediately appear, which, on adding a few drops of 
-muriatic acid, will again be dissolved with effervescence. 

2. When lime-water is added to a water containing carbo- 
nate of lime dissolved by an excess of carbonic acid, that 
excess unites with the lime, and forms an insoluble precipitate. 
In this case, in addition to the carbonate of lime which before 
existed in the water, a fresh portion of carbonates is formed, 
and both are precipitated together. 

3. When neither uncombined carbonic acid, alkaline or 
earthy carbonates, alumina, nor oxide of iron, exist in a mineral 
water, lime-water is one of the best precipitants of magnesia. 
It is necessary, however, in order to obtain the magnesia, to 
concentrate the water by evaporation. Less than the twelfth 
part of a grain of magnesia in a wine pint of water, Mr. 
Phillips finds may be shown to exist by adding lime-water. 
(Ann. of Phil. N.S. 1. 309.) 

4. Lime-water will also show the presence of corrosive sub- 
limate by a brick-dust coloured sediment. If arsenious acid 
(common arsenic) be contained in a liquid, lime-water, when 
added, will occasion a precipitate, consisting of lime and arse- 
nious acid, which is very difficultly soluble in water. This 
precipitate, when mixed up with oil, and laid on hot coals, 
yields the well-known garlic smell of arsenic. 
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IX.—Pure Baryla, and its Solution in Water. 


1. A solution of pure baryta is even more effectual than 
lime-water in detecting the presence of carbonic acid, and is 
much more portable and convenient; since, from the crystals 
of this earth, the barytic solution may at any time be immedi- 
ately prepared. In discovering carbonic acid, the solution of 
baryta is used similarly to lime-water, and, if this acid be 
present, gives, in like manner, a precipitate soluble with effer- 
vescence in dilute muriatic acid. If the precipitate be dricd, 
and exposed for a very short time toa low red heat, every 
100 grains will indicate 22 grains = 47+ cubic inches, of car- 
bonic acid gas. 

2. The barytic solution is also a most sensible test of sul- 
phuric acid and its combinations, which it indicates by a pre- 
cipitate not soluble in muriatic acid.— Pure strontia has simi- 
lar effects as a test. ‘The quantity of the precipitated sub- 
stance, indicated by the weight of the precipitate, will be 


stated in No. XV. 
X.— Metals. 


1. Of the metals, st/ver and mercury are tests of the pre- 
sence of hydro-sulphurets, and of sulphureted hydrogen gas. 
If a little quicksilver be put into a bottle containing water im- 
pregnated with either of these substances, its surface soon ac- 
quires a black film, and, on shaking the bottle, a blackish 
powder separates from it. Silver is speedily tarnished by the 
same cause. 

2. A beautiful application of gold leaf as a test of the pre- 
sence of small quantities of salts containing nitric acid, bas 
been contrived by Dr. Wollaston. Let the water, suspected to 
contain any nitrate, be concentrated by evaporation; then add 
a little sulphuric acid to the heated water, with a small quan- 
tity of muriate of soda, unless the water already contain some 
muriate, when the last mentioned addition is unnecessary. 
Immerse a littie gold leaf in the mixture, and boil it. If any 
nitrate be present, the gold leaf will be immediately dissolved, 
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and a smell of aqua regia will generally be perceived. (Dr. 
Marcet on Sea Water, Phil. Trans. 1822, p. 452.) 

3. The metals may be used also as tests of each other, on 
the principle of elective affinity. Thus, for example, a po- 
lished iron plate, immersed in a solution of sulphate of copper, 
soon acquires a coating of the latter metal; and the same in 
other similar examples. 


X1.—Sulphate of Iron. 


This is the only one of the sulphates, except that of silver, 
applicable to the purposes of a test. When used with this 
view it is generally employed for ascertaining the presence of 
oxygen gas, of which a natural water may contain a small 
quantity. ; 

A water, suspected to contain this gas, may be mixed with 
a little recently-dissolved sulphate of iron, and kept corked 
up, in a phial completely filled by the mixture. If peroxide 
of iron be precipitated in the course of a few days, the water 
may be inferred to contain oxygen gas. 


XI1—Sulphate, Nitrate, and Acetate of Silver. 


These solutions are all in some measure applicable to simi- 
lar purposes. 

1. They are peculiarly adapted to the discovery of chlorine 
and muriatic acid, and of chlorides and muriates, ‘The silver, 
quitting its solvent, combines with the chlorine; and the oxy- 
gen, abandoned by the silver, unites with the hydrogen of the 
muriatic acid. <A flaky precipitate of chloride of silver falls 
down, which, at first, is white, but on exposure to the sun’s 
light, acquires a bluish, and finally a black colour. This 
precipitate, dried and fused by a gentle heat, Dr. Black states 
to contain, in 1000 parts, as much muriatic acid- as would 
form 425} of crystallized common salt, which estimate scarcely 
differs at all from that of Klaproth. The same quantity of 
chloride of silver (1000 parts) indicates, according to Kirwan, 
4.543 of muriate of potassa (chloride of potassium). Dr. Mar- 
cet’s experiments and my own indicate a larger product of 
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chloride of silver from the decomposition of dry chloride of 
sodium, viz. not less than 240 grains from 100 of common 
salt. Hence 100 grains of fused chloride of: silver denote 
41.6 of chloride of sodium, and a quantity of chlorine capable 
of forming with hydrogen about 25 grains of muriatic acid. 
A precipitation, however, may arise from other causes, which 
it may be proper to state. 

2. The solutions of silver in acids are precipitated by car- 
bonated alkalis and earths. ‘The agency of the alkalis and 
earths may, however, be prevented, by previously saturating 
them with a few drops of the same acid in which the oxide of 
silver is dissolved. 

3. The nitrate and acetate of silver are decomposed by the 
sulphuric and sulphurous acids; but this may be prevented by 
adding, previously, a few drops of nitrate or acetate of baryta, 
and, after allowing the precipitate to subside, the clear liquor 
may be decanted, and the solution of silver added. Should a 
precipitation now take place, the presence of muriatic acid, or 
some one of its combinations, may be inferred. To remove 
uncertainty, whether a precipitation be owing to sulphuric or 
muriatic acid, a solution of sulphate of silver may be employed 
in the first instance, which, when no uncombined alkali or 
earth is present, denotes with certainty the presence of the 
muriatic acid. According to Professor Pfaff, one part of mu- 
riatic acid of the specific gravity, 1.15, diluted with 70,000 
parts of water, barely exhibits a slight opaline tinge, when 
tested with nitrate of silver; and, when diluted with 80,000 
parts of water, it is not affected at all.* Mr. Meyer of Stettin 
assigns, however, a much more extensive power to nitrate of 
silver, as a test of muriatic acid.+ 3 

4. When solutions of silver areadded tocompounds of chlorine 
with oxides, for example to chloride of lime (oxide of calcium), 
no escape of oxygen gas takes place, although the silver can- 
not unite with chlorine without abandoning its oxygen. This 
oxygen, detached from the silver, must necessarily unite with 
the chlorine, and form chloric acid, which constitutes with 
silver a soluble compound. It is necessary, then, after adding 
nitrate of silver to solution of chloride of lime till no farther 


* Nicholson’s Journal, xvi. 361. + Thomson’s Annals, y, 23. 
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precipitate ensues, to decant the clear liquid, to evaporate it 
to dryness, and heat the residue. Oxygen’ gas will be dis- 
engaged, and to the residuum water acidulated with nitric 
acid may be added, which will leave the chloride of silver. 
‘This process is always necessary when the base of any chloride, 
which we wish to decompose by nitrate of silver, is a metallic 
oxide. (Ann. de Chim. et Phys. xi. 108.) 

5. The solutions of silver are precipitated by sulphureted 
hydrogen, and by hydro-sulphurets; but the precipitate is 
then reddish, or brown or black; or it may be, at first, white, 
and afterwards become speedily brown or black. It is soluble, 
in great part, in dilute nitric acid, which is not the case if oc- 
casioned by muriatic or sulphuric acid. 

6. The solutions of silver are precipitated by vegetable ex- 
tractive matter; but, in this.case, also, the precipitate has a 
dark colour, and is soluble in nitrous acid. 


XUT.—Nitrate and Acetate of Lead. 


1. Acetate of lead, the most eligible of these two tests, is 
precipitated by sulphuric and muriatic acids; but, as we have 
much better indicators of both these acids, I do not enlarge 
on its application to this purpose. 

2. The acetate of lead is also a test of sulphureted hydrogen 
and of hydro-sulphurets of alkalis, which occasion a black 
precipitate; and, if white paper, on which characters are 
traced with a solution of acetate of lead, be held over a 
portion of water containing sulphureted hydrogen gas, they 
are soon rendered visible; especially when the water is a little 
warmed. 

3. The acetate of lead is employed in the discovery of un- 
combined boracic acid, a very rare ingredient of waters. To 
ascertain whether this be present, some cautions are necessary. 
(a) The uncombined alkalis and earths (if any be suspected) 
must be saturated with acetic or acetous acid. (l) The sul- 
phates must be decomposed by acetate or nitrate of baryta 
and the muriates by acetate or nitrate of silver. The filtered 
liquor, if boracic acid be contained in it, will continue to give 
a precipitate, which is soluble in nitric acid of the specific 
gravity 1.3. 

4. Acetate of lead is said, also, by Pfaff, to be a very delicate 
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test of carbonic acid; and that it renders milky water, which 
contains the smallest possible quantity of this acid. In this 
case, the precipitate, which is produced, must necessarily be 
re-dissolved with effervescence, on adding a few drops of acetic 
or diluted nitric acid. 


XIV.—Nitrate of Mercury prepared with and without Heat. 


This solution, differently prepared, is sometimes employed 
as a test. 

1. The solution of nitrate of mercury, prepared without 
heat,* has been found by Pfaff to be a much more sensible test 
of muriatic acid than nitrate of silver. Its sensibility, indeed, 
is so great, that one part of muriatic acid, of the specific gravity 
1.50, diluted with 300,000 parts of water, is indicated by a 
slightly dull tint ensuing on the addition of the test. 

2. It is, at the same time, the most sensible test of ammonia, 
one part of which, with 30,000 parts of water, is indicated by 
a slight blackish yellow tint, on adding the nitrate of mer- 
cury. + 

3. The nitrate of mercury is also precipitated by highly 
diluted phosphoric acid; but the precipitate is soluble in an 
excess of phosphoric or nitric acid, which is not the case if it 
has been occasioned by muriatic acid. 


XV.—Muriate, Nitrate, and Acetate of Baryta. 


1. These solutions are all most delicate tests of sulphuric 
acid and of its combinations, with which they give a white 
precipitate, insoluble in diluted muriatic acid. They are de- 
composed, however, by alkaline carbonates; but the precipi- 
tate thus occasioned is soluble in diluted muriatic or nitric 
acid, with effervescence, and may even be prevented by adding, 
previously, a few drops of the same acid as that contained in 
the barytic salt, which is employed. 

One hundred grains of dry sulphate of baryta contain 
(according to Klaproth, vol. i. page 168) about 454 of sul- 
phuric acid of the specific gravity 1.850; according to Clay- 
field (Nicholson’s Journal, 4to. iil. 38), 33 of acid, of the spe- 


* See chap. x1. sect. 33. + Saussure, Thomson’s Annals, vi, 430. 
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cific gravity 2.240; the true quantity however is probably 34 
of realacid. Kirwan states, that 170 grains of ignited sulphate 
of baryta denote 100 of dried sulphate of soda; that 136.36 of 
the same substance indicate 100 of dry sulphate of potassa ; 
and that 100 parts result from the precipitation of 52.11 of dry 
sulphate of magnesia. 

From Klaproth’s experiments, it appears, that 1000 grains 
of sulphate of baryta indicate 595 of desiccated sulphate of 
soda, or 1416 of the crystallized salt. The same chemist has 
shown, that 100 grains of sulphate of baryta are produced by 
the precipitation of 71 grains of sulphate of lime, of ordinary 
dryness. ‘The results of my own experiments are stated in 
vol. i, page 570. From these it follows, that 100 grains of ig- 
nited sulphate of baryta denote 57 of calcined sulphate of 
lime; or 73 of the same sulphate, dried by a temperature of 
only 160° Fahrenheit. Desiccated sulphate of magnesia, 
when decomposed by muriate of baryta, affords twice its 
weight of the barytic sulphate. 

It has been remarked by Berzelius, that when sulphuric 
acid is precipitated from some of the weaker bases by a barytic 
salt, the precipitated sulphate of baryta is combined with a 
portion of those bases. Thus when sulphate of iron or copper 
is decomposed by muriate of baryta, the sulphate of baryta, 
when dried and calcined, assumes a reddish colour in the 
first case, or a yellowish green in the second. In order, there- 
fore, to determine with precision the quantity of sulphuric 
acid, it is necessary to remove the excess of oxide by some acid 
in which it is soluble. (Ann. de Chim. et. Phys. xiv. 376.) 

2. By the cautious addition of acetate of baryta, as long as 
it occasions any precipitate, all the sulphates existing in any 
solution are decomposed, and their bases are obtained united 
with acetic acid. By evaporating the liquid to dryness, and 
calcining the residuum, the acetic acid is destroyed, and the 
bases of these salts may be obtained separate, or combined 
only with carbonic acid, and in this state may be recognised 
by properties which are more characteristic than those be- 
longing to them in a state of more energetic combination. 
In this way the alkaline bases may be obtained separately 
from the earthy ones; for the mere addition of water to the 
incinerated mass takes up the former, and leayes the latter. 
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3. Phosphoric salts occasion a precipitate also, with barytic 
solutions, which is soluble in dilute muriatic and nitric acids 
without effervescence. 


XVI.—Triple Prussiate, or Ferro-Cyanate of Potassa and 
of Lime. 


Of these two, the prussiate of potassa is the most eligible, 
When pure, it does not speedily assume a blue colour on the 
addition of an acid, nor does it immediately precipitate muriate 
of baryta. Ferro-cyanate of ammonia is preferred by some 
chemists, (See Quart. Journ. ix. 408.) but i believe it has no 
real advantage over that of potassa. 

Prussiate of potassa is a very sensible test of iron, with the 
solutions of which in acids it produces a prussian blue preci- 
pitate, in consequence of a double elective affinity. To render 
its effect more certain, however, it may be proper to add, 
previously, to any water suspected to contain iron, a little 
muriatic acid, with a view to the saturation of the uncombined 
alkalis or earths, which, if present, prevent the detection of 
very minute quantities of that metal by the prussian test. 

1. Ifa water, after boiling and filtration, does not afford a 
blue precipitate, on the addition of prussiate of potassa, the 
solvent of the iron may be inferred to be a volatile one, and 
probably the carbonic acid. 

2. Should the precipitation ensue in the boiled water, the 
solvent is a fixed acid, the nature of which must be ascertained 
by other tests. 

Doubts had been thrown, by several chemical writers, on 
the fitness of the ferro-cyanate of potassa for determining the 
quantity of iron in solutions of that metal. But Mr. Porrett, 
in his able inquiry into the nature of the triple prussiates, 
has shown that, with certain precautions, the ferro-cyanate of 
potassa is fully adequate to this purpose.* It is necessary to 
observe, 

Ist. That if the ferro-cyanate itself, after being dissolved in 
water, gives, immediately, a blue precipitate by the addition 


* Phil, Trans. 1814, p. 538. 
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of muriatic acid, it is not pure, and will afford a fallacious 
result. 

2dly. That if the salt, however pure, be added 7m excess, 
to a solution of iron containing an excess of acid, and then 
heated, the prussian blue thrown down will weigh more than 
it ought; because some is furnished by the decomposition of 
the ferro-cyanic acid, contained in that part of the salt, which 
has been added in excess. 

3dly. That prussian blue, even after it has been formed, is 
materially acted upon by a mixture of nitric and muriatic 
acids, and, in some degree, by the muriatic acid alone at a 
boiling heat. 

4thly. That prussian blue, when precipitated, often carries 
with it sulphate of potassa, derived from the liquid from which 
it is thrown down; and that this sulphate adheres to it so ob- 
stinately, that several washings with water, acidulated with 
sulphuric acid, are necessary to detach it. 

5thly. That if ‘the solution, to which the test is applied, 
contain not only iron, but alumina, oxide of copper, or any 
other substance, which the test is known to precipitate, tha¢ 
substance should be removed, by the usual means, previously 
to the application of the test. 

Suppose then, for example, that we have baryta, alumina, 
magnesia, and oxides of iron and copper, in a state of solution 
by nitro-muriatic acid. ‘The solution, if not already neutral, 
should first be rendered so by the cautious addition of ammonia. 
The barytic salt may next be decomposed by a solution of 
sulphate of soda, poured in till it ceases to occasion a precipi- 
tate. Ammonia, added to the residuary liquor, throws down 
the other earths and oxides, and an excess of it will re-dissolve 
the oxide of copper. From the insoluble part, consisting of 
alumina, magnesia, and oxide of iron, solution of pure potassa 
will remove thealumina. The oxide of iron and the magnesia 
may then be re-dissolved in any suitable acid; and into the 
solution, neutralized, or nearly so, by ammonia, if necessary, 
the ferro-cyanate may be poured, till it ceascs to produce 
any effect, taking care to add as little excess as possible. 
The precipitate washed, dried at a steam heat, and weighed, 
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will indicate in every 100 grains, 34.235 grains of peroxide of 
iron. 

Besides iron, the prussiated alkalis also precipitate muriate 
of alumina. No conclusion, therefore, can be deduced, 
respecting the non-existence of muriate of alumina from any 
process, in which the prussic test has previously been used. 
It will, therefore, be proper, ifa salt of alumina be indicated by 
other tests, to examine the precipitate effected by ferro-cyanate 
of potassa. ‘This may be done by repeatedly boiling it to 
dryness with muriatic acid, which takes up the alumina, and 
_leaves the prussiate of iron, From the muriatic solution, the 
alumina may be precipitated by a solution of carbonate of 
potassa. 

According to Klaproth (ii. 55), solutions of yttria (which 
earth, however, is not likely to be present in any mineral 
water) afford, with the prussian test, a white precipitate, 
passing to pearl-grey, which consists of prussiate of yttria. 
This precipitate disappears on adding an acid, and hence 
may be separated from prussiated iron. The same accurate 
chemist states, that the prussian test has no action on salts 
with base of glucina (ii. 55); but that it precipitates zirconia 
from its solutions (il. 214). | 

The prussiated alkalis decompose, also, all metallic solu- 
tions excepting those of gold, platinum, iridium, rhodium, 
osmium, and antimony. 


XVII.—Succinate of Soda and of Ammonia. 


1. The succinate of soda was first recommended by Gehlen, 
and afterwards employed by Klaproth (Contributions, it. 48), 
for the discovery and separation of iron. The salt with base 
of ammonia has also been used for a similar purpose by Dr. 
Marcet, late physician to Guy’s Hospital, in a skilful analysis 
of the Brighton chalybeate, which is published in the new 
edition of Dr. Saunders’s Treatise on Mineral Waters. 

The succinic test is prepared by slightly super-saturating 
carbonate of soda or ammonia with succinic acid. In apply- 
ing the test, it is necessary not to use more than is sufficient 
for the purpose; because an excess of it re-dissolves the pre- 


510 - OF CHEMICAL ANALYSIS. CHAP. XIV. 


cipitate. ‘The best mode of proceeding is to heat the solution 
containing iron, and to add gradually the solution of the suc- 
cinate, until it ceases to produce any turbidness, A brownish 
precipitate is obtained, consisting of succinate of iron. ‘This, 
when calcined with a little wax, in a low red heat, gives an 
oxide of iron, containing about 70 per cent. of the metal. 
From Dr. Marcet’s experiments, it appears that 100 grains of 
iron, dissolved in sulphuric acid, then precipitated by the 
succinate test, and afterwards burned with wax, give 148 of 
oxide of iron; that is, 100 grains of the oxide indicate about 
67+ of metallic iron. 

2. The succinates, however, it is stated by Dr. Marcet and 
Mr. Ekeberg, precipitate alumina, provided there be no con- 
siderable excess of acid in the aluminous salt. On magnesia 
it has no action, and hence may be successfully employed in 
the separation of those two earths. If 100 parts of octohedral 
crystals of alum be entirely decomposed by succinate of am- 
monia, they give precisely 12 parts of alumina calcined in a 
dull red heat. The succinate of ammonia, it is stated by Mr. 
Kkeberg,* precipitates glucina; and the same test, according 
to Klaproth (ii. 214), throws down zirconia from its solutions. 

To separate all the iron and alumina from any water, long 
boiling is necessary with free access of air, in order that the 
iron may be completely oxidized; for the succinates have no 
action on salts with base of the protoxide of iron. 


XVIII.—Benxoic Acid, and Benzoate of Ammonia. 


Benzoic acid, or, still better, benzoate of ammonia, preci- 
pitates iron readily and entirely; and being much cheaper, 
and more readily obtained, than succinate of ammonia, may 
be substituted for the latter salt. It has, also, one advantage, 

that it does not decompose the salts of manganese.+ 


XIX.—Phosphate of Soda. 


A method of completely precipitating magnesia from its 


* Journ, des Mines, No, Ixx. 
+ Thomson’s Annals, ix. 163; Phil, Mag. xl. 258. 
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solutions has been suggested by Dr. Wollaston. It is founded 
on the property which fully neutralized carbonate of ammonia 
possesses ; first to cause the solution of the carbonate of mag- 
nesia, formed when the’ammoniacal carbonate is added to the 
solution of a magnesian salt, and afterwards to yield that earth 
to phosphoric acid, with which and ammonia it forms a triple 
salt. For this purpose, a solution of carbonate of ammonia, 
prepared with a portion of that salt which has been exposed, 
spread on a paper, for a few hours to the air, is to be added 
to the solution of the magnesian salt sufficiently concentrated ; 
or to a water suspected to contain magnesia, after being very 
much reduced by evaporation. No precipitate will appear, 
till a solution of phosphate of soda is added, when an abun- 
dant one will fall down. 

A neat and effectual way of applying this test is practised 
by its inventor, as follows: Spread upon a piece of glass the 
clear solution supposed to contain magnesia, then adda few 
drops of the solutions of carbonate of ammonia and phosphate 
of soda in succession; and trace the word magnesia, or any 
other, upon the glass so covered, with the end of a glass rod. 
If magnesia be present the word which is traced will appear 
in white characters; if not, no such appearance will result. 
(Quart. Journ. xiv. 229.) 

When the quantity of magnesia is to be ascertained, let the 
precipitate be washed, collected ona filter, and dried in a 
temperature not exceeding 100° Fahrenheit. One hundred 
orains of it will indicate 19 of pure magnesia; 44 carbonate ; 
about 66 of muriate of magnesia; and 62 of desiccated, or 
double that quantity of crystallized, sulphate of magnesia. If, 
instead of drying the precipitate at a gentle heat, which leaves 
an uncertain quantity of water in it, we calcine it, we may 
then reckon the calcined phosphate of magnesia to indicate 
in every hundred grains, 40 grains of magnesia, or to be equi- 
valent to 250 grains of the crystallized sulphate of that earth. 

Mr. Richard Phillips has suggested (Aun. of Phil. N.S. i. 
308) that some fallacy in the use of this test may be occasioned 
by the carbonate of lime, which all sesqui-carbonate of ammo- 
nia contains. Hence the addition of phosphate of soda may 
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throw down phosphate of lime as well as the ammoniaco-mag- 
nesian phosphate. 


XX.—Muriate of Lime.—Muriate of Platinum. 


1. Mariate of lime is principally of use in discovering the 
presence of alkaline carbonates, which, though they very 
rarely occur, have sometimes been found in mineral waters. 
Carbonate of potassa exists in the waters of Aix-la-Chapelle ; 
that of soda, in the water of a few springs and lakes; and the 
ammoniacal carbonate was detected by Mr. Cavendish in the 
waters of Rathbone-place. Of all the three carbonates, 
muriate of lime is a sufficient indicator ; for those salts sepa- 
rate from it a carbonate of lime, soluble with effervescence in 
muriatic acid. Ifthe solution be filtered and evaporated, and 
the dry residuum be heated, muriate of ammonia will be 
known by its volatility. The resulting salts with base of po- 
tassa and soda will, under the same circumstances, remain 
fixed. 

2. With respect to the discrimination of the different alkalis, 

_ potassa and its compounds may be detected by the nitro- 
muriate of platinum, which distinctly and immediately preci- 
pitates potassa, and is not affected by soda. Carbonate of am- 
monia may be discovered by its smell; and by its precipi- 
tating a neutral salt of alumina, while i¢ has no action appa- 
rently on cold solutions of magnesian salts. 


XXI.—Solution of Soap in Alcohol. 


This solution may be employed to ascertain the compara- 
tive hardness of waters. With distilled water it may be 
mixed, without any change ensuing; but, if added to a hard 
water, it produces a milkiness, antl even a curdy appearance, 
more considerable as the water is less pure. rom the degree 
of this change, an experienced eye will derive a tolerable indi- 

ation of the quality of the water. This effect is owing to the 
alkali quitting the oil, whenever there is present in a water any 
substance, for which the alkali has a stronger affinity than it 
has for oil. ‘Thus all uncombined acids, and all salts with 


Pe 
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earthy and metallic bases, decompose soap, and occasion that 
property in waters which is termed hardness. At the same 
time an insoluble soap is formed by the union of the oil with 
the earthy base. 


: XXI.— Alcohol. 


Alcohol, when mixed with any water, in the proportion of 
about an equal bulk, precipitates all the salts which it is inca- 
pable of dissolving. (See Kirwan on Waters, page 263.) 


| XXITI.—Aydro-Sulphuret of Ammonia. 


This and other hydro-sulphurets, as well as water saturated 
with sulphureted hydrogen, may be employed in detecting lead 
and arsenic ; with the former of which they give a ena and 
with the latter a yellowish precipitate. As dead and arsenic, 
however, are never found in natural waters, I shall reserve, 
for another occasion, what I have to say of the application of 
these tests. 


TABLE, 


Showing the Substances that may be expected in Mineral Waters, 
and the Means of detecting them.* 


Acids in general. Infusion of litmus. Syrup of violets, I. 

Acid, boracic. Acetate of lead, XIII. 3. 

Acid, carbonic. Infusion of litmus, I. 1,2. Lime-water, 
VII. 1. Barytic water, IX. 1. Acetate of lead, XIII. 4. 

Acid, muriatic. Nitrate and acetate of silver, XII. Nitrate 
of mercury, XIV. 

Acid, nitric. Sulphuric acid, IV. 4. . 

Acid, phosphoric. Solutions of baryta, XV. 2. Nitrate of 
mercury, XIV. 3. 

| Acid, sulphurous. By its smell,—and destroying the colour 

of litmus, and of infusion of red roses ;—by the cessation of 


ee 


* A Table of substances actually found in the principal mineral waters 
will be inserted in the Appendix, 


"VOU, 11. 2. 
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the smell a few hours after the addition of the black oxide of 
manganese. 

Acid, sulphuric. Solution of pure baryta, IX. Barytic 
salts, XV. Acetate of lead, XII. 

Alkalis in general. _ Vegetable colours, II. Muriate of 
lime, XX. 

Alumina dissolved ly acids. Succinates, XVII. 

Ammonia, by its smell, and tests, II. Nitrate of mercury, 
XIV. 2. 

Baryta and its compounds, by sulphuric acid, IV. 

Carbonates in general. Effervesce on adding acids, without 
any unpleasant smell. , 

Earths dissolved by carbonic acid. By a precipitation on 
boiling ;—by pure alkalis, VII. Solution of soap, XXI. 

Hydro-sulphuret of lime. Sulphuric acid, IV. Nitrous 
acid, V. 

Tron dissolved by carbonic acid. ‘Tincture of galls, III. 1. 
Prussiate of potassa, XVI. 1}. Succinate of ammonia, XVII. 
Benzoate of ammonia, XVIII. | : 

_ Iron dissolved by sulphuric acid. Same tests, III. 3. XVI. 2. 
VII. 

Lime in a pure state. Water saturated with carbonic acid. 
Blowing air from the lungs. Oxalic acid, VI. 

Lime dissolved by carbonic acid. Precipitation on boiling. 
Caustic alkalis, VII. Oxalic acid, VI. : 

Lime dissolved by sulphuric acid. Oxalate of ammonia, VI. 
Barytic solutions, IX. and XY. 

Magnesia dissolved by carbonic acid. Precipitation on boil- 
ing,—the precipitate soluble in’ dilute sulphuric acid. 

Magnesia dissolved by other acids. Precipitated by pure 
ammonia, not by the carbonate, VII. 5. Phosphate of soda, 
XIX. Lime water, VIII. 3. 

Muriates of alkalis. Solutions of silver, XII. 

— of lime. Solutions of silver, XII. Oxalic acid 
and oxalate of ammonia, VI. « 

Nitrate of poiassa, and other nitrates. Gold leaf, X. 2, 

Oxygen gas. Sulphate of iron, XT. 

Potassa, and its salts, Muriate of platmum, XX. 2. 
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Silica. A precipitate by muriate of ammonia not soluble in 
dilute nitric acid, ; 

Soda, carbonate of. Muriate of lime, XX. 1. 

Sulphates in general. Barytic solutions, IX. and XV. 
Acetate of lead, XIII. a 

Sulphate of alumina. Barytic solutions, IX. and XV. 
A precipitate by carbonate of ammonia not soluble in acetous 
acid, but soluble in pure fixed alkalis by boiling. Succinates, 
AVI. 2. 

Sulphate of lime. Barytic solutions, [X.and XV. Oxalic 
acid and oxalates, VI. A precipitate by alkalis not soluble in 
dilute sulphuric acid. 

Sulphate of magnesia. Barytic solutions, IX. and XV. 
Phosphate of soda and carbonate of ammonia, XIX. 

Sulphate of potassa. Barytic solutions, IX. and XV. Mu- 
riate of platinum, XX. 2. 

Sulphate of soda. Barytic salts, IX.and XV. Muriate of 
platinum, XX. | 

Sulphurets of alkalis. Polished metals, X. Smell on adding 
sulphuric or muriatic acid. Nitrous acid, V. 6s 

Sulphureted hydrogen gas. By its smell. Infusion of litmus, 
I. Polished metals, X. Acetate of lead, XIII. 2.* 

Vegetable matter. Sulphuric acid, IV, 


Ant. 2.—Analysis of Waters by Evaporation. 


_ Before proceeding to the evaporation of any natural water, 

its gaseous contents must be collected. This may be done by 
filling with the water a large glass globe or bottle, capable of 
holding about 50 cubical inches, and furnished with a ground 
stopper and bent tube. The bottle is to be placed, up to its 
neck, in a tin kettle filled with a saturated solution of common 
salt, which must be kept boiling for an hour or two, renewing, 
by fresh portions of hot water, what is lost by evaporation. 
The disengaged gas is to be conveyed, by the bent tube, 


* The vapour of putrefying animal or vegetable matter dissolved in water, 
according to Klaproth, vol. i, p. 590, often gives a deceptive indication of 
sulphureted hydrogen, 

2 2 
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into a graduated jar, filled with, and inverted in, mercury, 
where its bulk is to be determined. On the first impression 
of the heat, however, the water will itself be expanded, and 
portions will continue to escape into the graduated jar, till 
the water has attained its maximum of temperature. This 
portion must be measured, and its quantity be deducted from 
that of the water submitted to experiment. If a considerable 
proportion of gas be contained in a mineral water, the best 
way of receiving it is into a small gazometer. 

In determining, with precision, the quantity of gas, it is ne- 
cessary to attend tothe state of the barometer and thermometer, 
and to other circumstances already enumerated, vol. i. page 
22. Rules also for reducing observations made under dif-_ 
ferent states of the barometer and thermometer, to a mean 
standard, will be found in vol. i. p. 23. 

The gases, most commonly discovered in mineral waters, 
are carbonic acid; sulphureted hydrogen ; nitrogen gas ; oxygen 
gas ; and, in the neighbourhood of volcanoes only, su/phurous 
acid gas. ‘To determine the proportion of these and other 
gases, constituting a mixture obtained from any mineral water, 
full directions have already been given in the first section of 
this chapter, (page 467 and following.) 

The vessels employed for EvAporaAtioN should be of such 
materials, as are not likely to be acted on by the contents of 
the water. I prefer those of unglazed biscuit ware, made by 
Messrs. Wedgwood; but, as their surface is not perfectly 
smooth, and the dry mass may adhere so strongly as not to be 
easily scraped off, the water, when reduced to about one tenth 
of its volume, or less, may be transferred, with any deposit that 
may have taken place, into a smaller vessel of glass. Here 
let it be evaporated to dryness, at a temperature not exceeding 
300° Fahrenheit. 

(a) The dry mass, when collected and accurately weighed, 
is to be put intoa bottle, and alcohol poured on it, to the depth 
of an inch. After having stood a few hours, and been occa- 
sionally shaken, pour the whole on a filter, wash it with a 
little more alcohol, and dry and weigh the remainder. 

(L) To the undissolved residue, add eight times its weight 
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of cold distilled water; shake the mixture frequently; and, 
after some time, filter; ascertaining the loss of weight. 

(c) Boil the residuum, for a quarter of an hour, in some- 
what more than 500 times its weight of water, and afterwards 
filter. 

(d) The residue, which must be dried and weighed, is no 
longer soluble in water or alcoho!. If it has a brown colour, 
denoting the presence of iron, let it be moistened with water, 
and exposed to the sun’s rays for some weeks. Or if so long 
a process be inconvenient, moisten it with nitric acid, and then 
dry and ignite it. ‘This will peroxidize the iron. 

I, The solution in alcohol (a) may contain one or all of the 
following salts: Muriates of lime, magnesia, alumina, or ba- 
ryta; or nitrates of the same earths. Sometimes, also, the 
alcohol may take up a sulphate of iron, in which the 
metal is oxidized to the maximum. This will appear from its 
reddish brown colour. — 

1. In order to discover the quality and quantity of the in- 
gredients, evaporate to dryness; weigh the residuum; add 
above half its weight of strong sulphuric acid; and apply a 
moderate heat. The muriatic or nitric acid will be expelled, 
and will be known by the colour of their fumes; the former 
being white, and the latter orange coloured. 

2. To ascertain whether lime or magnesia be the basis of 
the salts, let the heat be continued till no more fumes arise, 
and let it then be raised, to expel the excess of sulphuric acid. 
To the dry mass, add twice its weight of distilled water. 
This will take up the sulphate of magnesia, and leave the 
sulphate of lime. The two sulphates may be separately de- 
composed, by boiling with three or four times their weight of 
carbonate of potassa. ‘The carbonates of lime and magnesia, 
thas obtained, may be separately dissolved in muriatic acid, 
aud evaporated. The weight of the dry salts will inform us 
how much of each the alcohol had taken up. Lime and mag- 
nesia may also be separated by the use of the phosphate of 
soda, applied in the manner already described, (No. XIX.) 
Alumina and magnesia may be separated from each other, by 
adding to their mixed and heated solutions an excess of po- 
tassa which will dissolve the alumina only. 
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The presence of baryta, which is very rarely to be expected, 
may be known by a precipitation ensuing on adding sulphuric 
acid to a portion of the alcoholic solution, which has been 
diluted with 80 or 100 times its bulk of pure water. 

Some of the salts obtained by the action of alcohol, it is 
supposed by Grotthus, are actually formed by its operation. 
Sulphate of soda and muriate of magnesia, for example, when 
found in an alcoholic solution, result, he believes, from the 
mutual decomposition of sulphate of magnesia and muriate of 
soda.* 

II. The watery solution (J) may contain a variety of salts, 
the accurate separation of which from each other is a problem 
of considerable difficulty. The number, however, of salts, 
that are capable of existing together in solution, is much 
limited by the mutual action of several in decomposing each 
other. Such salts are said to be incompatible. A table of 
them is inserted in the Appendix, which it is proper that the 
reader should consult, before “phon to analyze any mixed 

saline solution. 

1. The analysis of a saline solution may be attempted by 
crystallization. For this purpose, let one half be evaporated 
by a very gentle heat, not exceeding 80° or 90°. Should any 
crystals appear on the surface of the solution, while hot, in 
the form of a pellicle, let them be separated and dried on 
bibulous paper. ‘These are chloride of sodium or common, 
salt. ‘The remaining solution, on cooling very gradually, will, 
perhaps, afford crystals sufficiently distinguishable by their 
form and other qualities. When various salts, however, are 
contained in the same solution, it is extremely difficult to ob- 
tain them distinct enough in their forms to ascertain their 
kind. 

2. The nature of the saline contents must, therefore, be 
examined by tests, or re-agents. 

The presence of an uncombined alkali will be discovered 
by the stained papers (II), and of acids by the tests (I). The 
vegetable alkali, or potassa, may be distinguished from the 
mineral, or soda, by saturation with sulphuric acid, and eva- 
wwvidp bea dis oct icles) aie Deere pital oh tec tiie 

* Ann, de Chim. et Phys. iv. 866, 
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poration to dryness; the sulphate of soda being much more 
soluble than that of potassa; or, by supersaturation with 
tartaric acid, which gives a soluble salt with soda, but not 
with potassa. Muriate of platinum, also, is an excellent test 
of potassa and its combinations; for, with the smallest portion 
of this alkali, or any of its salts, it forms a distinct and imme- 
diate precipitate; while it is not at all affected by soda or its 
compounds. 

If neutral salts be present in the solution, we have to ascer- 
tain both the nature of the acid and of the basis. ‘This may 
be done by attention to the rules already given for the appli- 

cation of tests, which it is unnecessary to niet in this place. 
(See the Table, page 513.) 

IMI. The solution by boiling water contains scarcely any 
thing beside sulphate of lime. 

IV. The residuum (d) is to be digested in distilled vinegar, 
which takes up magnesia and lime, but leaves, undissolved, 
alumina, silica, and peroxide of iron. Evaporate the solution 
to dryness. If it contain acetate of lime only, a substance will 
be obtained which does not attract moisture from the air; if 
magnesia be present, the mass will deliquiate. To separate 
the lime from the magnesia, proceed as in IJ, ia 

The residue, insoluble in acetous acid, may contain alumina, 
iron, and silica. ‘The two first may be dissolved by muriatic 
acid, from which the iron may be first precipitated by prussiate 
of potassa, and the alumina afterwards by ammonia. 


Dr. Murray’s Formula for the Analysis of Mineral Waters. 


Some ingenious views respecting the analysis of mineral 
waters have nae taken by the late Dr. Murray of Edinburgh.* 
In proceeding by the method of evaporation, the salts ob- 
tained are frequently, he conceived, the products of the ope- 
ration, and not the original ingredients of the water. For 
example, though we may obtain from a mineral water, sul- 


* Edinb. Transact. vili. 250, or Thomson’s Annals. I retain his expres- 
sion, muriate of soda, because the explanation is correctly applicable to that 
salt when in a state of solution, as it is in mineral waters. 
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phate of lime and muriate of soda, yet it is probable, he 
thinks, that the water, in its natural state, held in solution 
both sulphate of soda and muriate of lime, which, though 
incompatible salts, if presented to each other in dense solu- 
tion, may yet exist, without mutual decomposition, when dif- 
fused through a large quantity of fluid. He argues, there- 
fore, that we attain'a much nearer approximation to the true 
composition of a mincral water, by disregarding the salts re- 
sulting from its evaporation ; and, instead of this, determining 
with extreme precision the elements, or acids and bases, of 
which those salts are composed. The peculiar mode of com- 
bination, in which they exist in the water submitted to ana- 
lysis, can only, he thinks, be inferred by considering the most 
probable views of their binary composition. — | 

Having gained a general idea of the nature of any mineral 
water, by the agency of the tests already described, Dr. 
Murray recommends that we proceed to its minute analysis in 
the following manner. 

1. Reduce the water, by evaporation, as far as can be done 
without occasioning any sensible precipitation or crystalli- 
zation. 

2. Add muriate of baryta, as long as it occasions a preci- 
pitate, and no longer. By an experiment ona separate quan- 
tity, examine whether the precipitate effervesces with dilute 
muriatic acid, and whether it is entirely dissolved by that 
acid or not. If entirely soluble, dry and weigh it, and allow 
22 grains of carbonic acid for every 100 grains. If it do not 
effervesce, or dissolve, we may consider it as sulphate of ba- 
ryta, and reckon that it contains, ina dry state, 34 grains of 
sulphuric acid in every 100. If it be partly soluble with effer- 
vescence, and partly insoluble, it consists both of carbonate 
and sulphate of baryta, the former of which may readily be 
separated from the latter by diluted muriatic acid; and the 
precipitate being weighed in a dry state, both before and after 
the action of the acid, we learn the quantity of each; what 
remains being the sulphate only. 

- By evaporation, the carbonic acid is expelled, and the sulphuric 
acid is separated by the barytic salt. The next object is to 
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discover the kind and quantity of the bases present; and then 
to find the quantity of muriatic acid, originally contained in 
the water. 

8. To the clear liquor add a saturated solution of oxalate 
of ammonia, as long as any turbid appearance is produced. 
Collect the precipitate, which consists of oxalate of lime; dry 
it; and, by calcining it at a low red heat, convert it into a 
carbonate, which may be changed into sulphate by a slight ex- 
cess of sulphuric acid. The sulphate of lime, after ignition, 
contains 41.5 of lime in 100. Or calculate the quantity cf 
lime, by the rule already given, p. 498, from the weight of the 
oxalate. 7 

4, The next step is to separate the magnesia, which may be 
done as follows : let the clear liquid, remaining after the pre- 
cipitation of the oxalate of lime, be heated to 100° Fahrenheit, 
and, if necessary, reduced a little by evaporation ; and then 
add to it, first a solution of carbonate of ammonia, and after- 
wards of phosphate of ammonia, as long as any precipitation 
ensues. Wash the precipitate, dry and calcine it at a red 
heat for an hour, after which 100 grains may be estimated to 
Coaiee 4.0 of magnesia. 

5. To estimate the soda, Fe ate the liquor, remaining 
after the preceding operations, to dryness, and expose the dry 
mass to heat as long as any vapours exhale, raising it, in the 
end, to redness. The residual matter is muriate of soda, 100 
grains of which are equivalent to 53.3 soda, and 46.7 of mu- 
rlatic acid. 

6. It is possible that the muriatic acid, deduced from the 
residuary common salt, may exceed the true quantity, and 
that a part may have been introduced by the muriate of ba- 
ryta. Or, on the other hand, if muriate of lime or magnesia 
were present in the water, the ammonia, by which those 
earths were separated, would form, with the muriatic acid 
quitted by them, a salt, which will have been dissipated by 
heat; and consequently the muriatic acid will have been 
stated too low. To decide this, the simple rule is, to sup- 
pose the elements, obtained by the analysis, combined in 
binary compounds according to the known proportions in 
which they unite. The excess or deficiency of muriatic acid 
will then appear; and the amount of the excess, being sub- 
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tracted from the quantity of muriatic acid existing in the mu- 
riate of soda obtained; or the amount of the deficit, being 
added to that quantity, the real quantity of muriatic acid will 
be apparent.—As a check on this operation, it may be proper 
to estimate directly the quantity of muriatie acid in a given 
portion of the water, by first abstracting any sulphuric or 
carbonic acid by nitrate of baryta, and then precipitating the 
muriatic acid by nitrate of silver. The real quantity of mu- 
riatic acid will thus be found; and the result will form a check 
on the other steps of the analysis; for the other ingredients 
must bear that proportion to the muriatic acid which will cor- 
respond with the state of neutralization. 

Having thus discovered the different acids and bases, and 
determined their quantities, it remains to determine the state 
of combination in which they exist. They may either be con- 
sidered as forming simultaneous combinations, or as existing 
in the state of binary compounds. In the latter case, it is 
probable that the acids and bases are so united, as to form the 
most soluble compounds, and in this way we may state them. 
It may also be proper to give the quantity of binary com- 
pounds obtained by evaporation, or by any other direct ana- 
lytic process. For example, the elements of the salts in a 
pint of sea-water, as determined by Dr. Murray’s analysis,* 
are, 

Lime .iissess0s)) 29-gthins 
Magnesia ...... 14.8 

Soda: rq) sek Obi 
Sulphuric acid .. 14.4 
Muriatic acid. .. 97.7 - 


226.1 
The compound salts, as obtained by evaporation, are, 


Muriate of soda .,.. 180.5 grains 
- magnesia 23. 
Sulphate of magnesia 15.5 
- lime.... ye 


226.1 


* Edin, Phil. Trans. 
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But the salts existing in a pint of sea-water, in its natural 
state, before subjecting it to evaporation, may be calculated to 
be ' 

Muriate of soda .... 180.5 grains 
- magnesia 18.3 
a dime giudily 27 
Sulphate of magnesia 21.6 


oa eS 


226.1 


SECTION III. 


Examination of Minerals —General Directions. | 


‘Tue chemical analysis of minerals is attended even with 
greater difficulties than that of natural waters; and it would 
require not only a separate work, but one of considerable ex- 
tent, to comprehend rules for determining the proportions of 
all possible combinations. On the present occasion, I mean 
only to offer a few general directions for attaining such a 
knowledge of the composition of mineral bodies, as may ena- 
ble the chemical student to refer them to their proper place in 
a mineral arrangement, and to judge whether or not they may 
admit of application to the uses of common life. Those who 
are solicitous to become adepts in the art of mineral analysis, 
should study attentively the numerous papers of Vauquelin, 
Hatchett, and other skilful analysts, dispersed through va- 
rious chemical collections;) and also an admirable work of 
M. Klaproth, entitled, “ Analytical Essays towards improv- 
ing the Chemical Knowledge of Minerals,” 2 vols. 8vo. pub- 
lished in London in 1801. 


The great variety of mineral bodies, which nature presents 
in the composition of this globe, have been classed by late 
writers under a few general divisions. ‘They may be con- 
veniently arranged under four heads: 1st, Earrus; 2d, Sarrs; 
3d, InrLaMMABLE Fossits; and 4th, Mrrans, and their 
Ores. 
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I, Eartus. The term earth, we may use with Mr. Kirwan, 
to denote a tasteless, inodorous, dry, brittle, uninflammable sub- 
stance, whose specific gravity does not exceed 4.9 (i. e. which - 
is never five times heavier than water), and which gives no 
tinge to borax in fusion. Some exceptions to this definition 
are afforded by the strong taste of certain earths, and the 
solubility of others; but since a line must be drawn between 
salts and earths, it may begin where solution is scarcely per- 
ceptible; salts terminating, and earths, in strictness, com- 
mencing, where the weight of the water, requisite for the so- 
lution, exceeds that of the solvent 1000 times. Not to depart, 
however, too widely from the commonly received import of 
words that are in constant use, substances that require 100 
times their weight of water to dissolve them, and have the 
other sensible properties of earths, may be so styled in a loose 
and popular sénse. 

The simple, or primitive earths, are those which can only 
be resolved into oxygen and a metallic basis, Such are lime, 
magnesia, alumina, silica, &c, 

The compound earths are composed of two or more primi- 
tive earths, united chemically together. Sometimes the union 
of an earth with an acid constitutes what in common language 
is called an earth; as in the examples of sulphate of baryta, 
fluate of lime, &c. 

II. Satrs. Under this head may be arranged all those sub- 
stances that require less than 100 times their weight of water 
to dissolve them. ‘This description, though by no means so 
amply characteristic of the class of salts as to serve for an 
exact definition, is sufficient for our present purpose. 

Ill. By 1nrLaMMABLE FossILs, the same author observes, 
are to be understood all those of mineral origin, whose prin- 
cipal character is inflammability ; a criterion which excludes 
the diamond and metallic substances, though also susceptible 
of combustion. 

IV. Merariic supsrances are sufficiently characterized 
by the external properties enumerated in Chapter IX. Those 
on which nature has bestowed their proper metallic appear- 
ance, or which are alloyed only with other metals or semi- 
metals, are called native metals. But those that are distin- 


~ 


SECT. III. EXAMINATION OF MINERALS. 525 


guished, as they commonly are in mines, by combination with 
some other unmetallic substances, are said to be mineralized. 
The substance that sets them in that state is called a minera- 
lizer; and the compound of both, az ore. ‘Thus, in the most 
common ore of copper, this metal is found combined with 
sulphur. ‘The copper may be said to be mineralized by oxy- 


gen and sulphur, and the compound of the two bodies is 
called an ore of copper. | 


Art. L—Method of examining a Mineral, the Composition of 
which is unknown. 


A MINERAL substance, presented to our examination with- 
out any previous knowledge of its composition, should first be 
referred to one of the above four classes, in order that we may 
attain a general knowledge of its nature, before proceeding te 
analyze it minutely. 

I. To ascertain whether the unknown mineral contain saline 
matter, let 160 grains, or any other determinate quantity, in 
the state of fine powder, be put into a bottle, and shaken up 
repeatedly with 30 times its weight of water, of the tempera- 
ture of 120° or 130°. After having stood an hour or two, 
pour the contents of the bottle on a filtering paper, previously 
weighed and placed on a funnel. When the water has drained 
off, dry the powder on a filtering paper, in a heat of about 
212°: and, when dry, let the whole be accurately weighed. 
If the weight be considerably less than the joint weight of the 
powder before digestion and the filtering paper, we may infer 
that some salt has been dissolved, and the decrease of weight 
will indicate its quantity. 

In certain cases it may be advisable to use repeated por- 
tions of boiling water, when the salt suspected to be present is 
difficult of solution. 

Should the mineral under examination be proved, by the 
foregoing experiment, to contain much saline matter, the kind 
and proportion must next be determined, by rules which will 
hereafter be laid down. 

Il. The second class, viz. earthy bodies, are distinguished 
by their insolubility in water, by their freedom from taste, by 
their uninflammability, and by their specific gravity never 
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-reaching 5. If, therefore, a mineral be insoluble in water, 
when tried in the foregoing manner; and if it be not con- 
sumed, either wholly or in. considerable part, by keeping it, 
for some time, on a red-hot. iron; we may conclude that it is 
neither a salt nor an inflammable body. 

III. The only remaining class with which it can be con- 
founded is ores of metals, from many of which it may be 
distinguished merely by poising it in the hand, the ores of 
metals being always heavier than earths; or, ifa doubt should 
still remain, it may be weighed hydrostatically. The mode of 
doing this it may be proper to describe; but the principle on 
which the practice is founded, cannot with propriety be ex- 
plained here. Let the mineral be suspended by a piece of 
fine hair, silk, or thread, from the scale of a balance, and 
weighed in the air. Suppose it to weigh 250 grains. Let it 
next (still suspended to the balance) be immersed in a glass 
of distilled water, of the temperature of 60° Faht. The scale 
containing the weight will now preponderate. Add, therefore, 
to the scale from which the mineral hangs, as many grain- 
weights as are necessary to restore the equilibrium. Suppose 
that 50 grains are necessary, then the specific gravity may be 
learned by dividing the weight in air by the weight lost in 
water. Thus, in the foregoing case, 250 + 50=5; or, a sub- 
stance which should lose weight in water, according to the 
above proportion, would be five times heavier than water. It 
must, therefore, contain some metal, though probably in no 
great quantity. Any mineral, which, when weighed in the 
above manner, proves to be 5, 6, 7, or more times heavier 
than water, may, therefore, be inferred to contain a metal, 
and may be referred to the class of ores. 

IV. Inflammable substances are distinguished by their 
burning away, either entirely or in considerable part, on a 
red-hot iron ; and by their detonating, when mixed with pow- 
dered nitre, and thrown into a red-hot crucible. Certain ores 
of metals, however, which contain a considerable proportion 
of inflammable matter, answer to this test, but may be distin- 
guished from purely inflammable substances by their greater 
specific gravity. 

I shall now proceed to offer a few general rules for the 


SECT. III. EXAMINATION OF MINERALS. 527 


more accurate examination of substances of each of the above 


classes. 
Art. I1.—Examination of Salts. 


1. A solution of saline matter, obtained in the foregoing 
manner (see page 525), may be slowly evaporated, and left to 
cool gradually. When cold, crystals will probably appear, 
which a chemist, acquainted with the forms of salts, will easily 
recognize. But, as several different salts may be present in 
the same solution, and may not crystallize in a sufficiently dis- 
tinct shape, it may be necessary to have recourse to the evi- 
dence of tests. 

2. Let the salt, in the first place, be referred to one of the 
following orders. 

(a) Acids, or salts with excess of acid. ‘These are known by 
their effect on blue vegetable colours. ‘The particular species 
of acid may be discovered by the tests enumerated, p. 513. 

(L) Alkalis.. These are characterized by their effect on 
vegetable colours, and by the other properties enumerated, 
vol. i. p. 494. 

(c) Salts with metallic lases. Metallic salts afford a very 
copious and generally a coloured precipitate, when mixed with 
a solution of ferro-cyanate of potassa. (See table, vol. i. p. 533.) 
To ascertain the species of metal, precipitate the whole by the 
ferro-cyanate, calcine the precipitate, and proceed according 
to the rules which will hereafter be given for separating metals 
from each other. 

(2) Salts with earthy bases. If a solution of salt, in which 
ferro-cyanate of potassa occasions no precipitation, afford a 
precipitate, immediately on adding pure or carbonated potassa, 
we may infer, that a compound of an acid, with some one of the 
earths, is present in the solution. Or if, after ferro-cyanate 
of potassa has ceased to throw down a sediment, the above- 
mentioned alkali precipitates a farther portion, we may infer 
that both earthy and metallic salts are contained in the solu- 
tion. In the first case, add the alkaline solution, and, when 
it has ceased to produce any effect, let the sediment subside, 
decant the supernatant liquor, and wash and dry the precipi- 
tate. The earths may be examined, according to the rules 
that will be given in the following article. In the second case, 
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ferro-cyanate of potassa must be added, as long as it precipi- 
tates any thing, and the liquor must be decanted from the 
sediment, which is to be washed with distilled water, adding 
the washings to what has been poured off. The decanted so- 
lution must next be mixed with the alkaline one, and the pre- 
cipitated earths reserved for experiment. By this last process, 
earths and metals may be separated from each other. 

(e) Neutral salts with alkaline bases. ‘These salts are not 
precipitated either by ferro-cyanate or carbonate of potassa. 
It may happen, however, that salts of this class may be con- 
tained in a solution, along with metallic or earthy ones. In 
this case the analysis becomes difficult; because the alkali, 
which is added to precipitate the two last, renders it difficult 
to ascertain whether the neutral salts are owing to this addi- 
tion, or were originally present. I am not aware of any me- 
thod of obviating this difficulty, except the following: Let 
the metals be precipitated by ferro-cyanate of ammonia, and 
the earths by carbonate of ammonia, in a temperature of 180° 
or upwards, in order to ensure the decomposition of magne- 
sian salts, which this carbonate does not effect in the cold. 
Separate the liquor by filtration, and boil it to dryness. Then 
expose the dry mass to such a heat as is sufficient to expel the 
ammonical salts.* Those with bases of fixed alkali will re- 
main unvolatilized. By this process, indeed, it will be impos- 
sible to ascertain whether ammoniacal salts were originally 
present; but this may be learned by adding to the salt under 
examination, before its solution in water, some pure potassa, 
which, if ammonia be contained in the salt, will produce the 
peculiar smell of that alkali. The vegetable and mineral al- 
kalis may be distinguished by adding to the solution a little 
tartaric acid, which precipitates the former but not the latter ; 
or by muriate of platinum, which acts only on the vegeta- 
ble alkali. ; 

Having ascertained the basis of the salt, the acid will easily 


* This application of heat will drive off, also, any excess of the ammo- 
niacal carbonate, which might have retained in solution either yttria, glu- 
cina, or zirconia. The alkaline salts may be separated from these earths, 
by boiling the mixture in water, filtering, and evaporating. 
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be discriminated. Muriated baryta will indicate sulphuric 
acid; nitrate of silver the muriatic; and salts, containing 
nitric acid, may be known by a detonation ensuing on pro- 


Jecting them, mixed with powdered charcoal, into a red-hot 
crucible. 


Arr. I11—Examination of Earths and Stones. 


When a mineral, the composition of which we are desirous 
to discover, resists the action of water, and possesses charac- 
ters that rank it among earthy bodies, the next object of 
inquiry is the nature of the earths that enter into its compo- 
sition; in other words, how many of the simple earths, and 
which of them, it may contain.—Of these earths (viz. silica, 
alumina, magnesia, lime, strontia, baryta, zirconia, glucina, 
and yttria), one or more may be expected in the composition 
of a mineral, beside a small proportion of metals, to which the 
colour of the stone is owing. In general, however, it is not 
usual to find more than four of the simple earths in one mine- 
ral. The newly discovered alkali, lithia, and the earths, zir- 
conia, glucina, yttria, and thorina, occur very rarely. 

A stone, which is intended for chemical examination, should 
be finely powdered in a mortar; and care should be taken 
that the mortar is of harder materials than the stone, other- 
wise it will be liable to abrasion, and uncertainty will be oc- 
casioned in the result of the process. A longer or shorter 
time is required, according to the texture of the stone. Of 
the harder gems, 100 grains require two or three hours’ tritu- 
ration. For soft stones, a mortar of Wedgwood’s ware is suf- 
ficient; but, for very hard minerals, ene of agate, or hard steel, 
is required; and the stone should be weighed both before and 
after pulverization, that the addition, if any, may be ascer- 
tained and allowed for. Gems, and stones of equal hardness, 
gain generally from 10 to 13 per cent. When a stone is ex- 
tremely difficult to be reduced to powder, it may sometimes 
be necessary to make it red-hot, and while in this state to 
plunge it into cold water. By this process it becomes brittle, 
and is afterwards easily pulverized. But this treatment is not 


always effectual; for Klaproth found the hardness of corun- 
VOL, II. ; 2M 
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dum not at all diminished by igniting it, and quenching in 
cold water. 

The chemical agents, employed in the analysis of stones, 
should be of the greatest possible purity. ‘To obtain them in 
this state, directions have been given in the former part of 
this work. © 

In treating of the analysis of stones, it may be proper to 
divide them, Ist, into such as are soluble, either wholly or in 
part, and with effervescence, in nitric or muriatic acids, di- 
luted with five or six parts of water; and, 2dly, into such as 
do not dissolve in these acids. 


1. Earths or Stones, soluble with effervescence, in diluted nitric 
or sulphuric Acids.* 


(A) Ifit be found, on trial, that the mineral under exami- 
nation effervesces with either of these acids, let a given weight, 
finely powdered, be digested with one of them diluted in the 
above proportion, in a gentle heat, for two or three hours. 
Ascertain the loss of weight, in the manner pointed out, vol. i. 
p. 523, and filter the solution, reserving the insoluble por- 
tion. | 

(B) The solution, when effected, may contain lime, mag- 
nesia, alumina, baryta, or strontia. To ascertain the pre- 
sence of the two last, dilute an aliquot part of the solution with 
20 times its bulk of water, and add a little sulphuric acid, or, 
in preference, solution of sulphate of soda. Should a white 
precipitate fall down, we may infer the presence of baryta, of 
strontia, or of both. 

(C) To ascertain which of these earths (vzx. baryta or stron- 
tia) is present, or, if both are contained in the solution, to 
separate them from each other, add sulphate of soda to a very 
dilute solution, till the precipitate ceases; decant the super- 
natant liquid; wash the sediment ona filter, and dry it.— 
Then digest it, with four times its weight of subcarbonate of 
potassa, and a sufficient quantity of water, in a gentle heat, 


* The sulphuric acid is chiefly eligible for stones of the magnesian genus. 
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during several hours. A double exchange of principles will 
ensue, and we shall obtain a carbonate of baryta or strontia, 
or a mixture of both, with some undecomposed sulphate. 
Pour on these, after being well washed, nitric acid, of the 
specific gravity 1.4, diluted with an equal weight of distilled 
water. This will dissolve the strontia, but not the baryta. 
To determine whether any strontia has been taken up by the 
acid, evaporate the solution to dryness, and dissolve the dry 
mass in alcohol. This alcoholic solution, if it contain nitrate 
of strontia, will burn with a deep blood-red flame. 

Baryta and strontia may also be separated from each other 
in the following manner: To a saturated solution of the two 
earths in an acid, add ferro-cyanate of potassa, which, if pure, 
will occasion no immediate precipitation; but, after some 
time, small and insoluble crystals will form on the surface of 
the jar. ‘These are the prussiated baryta, which may be 
changed into the carbonate by a red heat, continued, with the 
access of air, till the black colour disappears. ‘The strontia 
may be afterwards separated from the solution by carbonate 
of potassa. 

A third method of separating strontia from baryta is found- 
ed on the stronger affinity of baryta, than of the former earth, 
for acids. Hence if the two earths be present in the same 
solution, add a solution of pure baryta, till the precipitation 
ceases. The baryta will seize the acid, and will throw down 
the strontia. The strontitic solution, in this case, should have 
no excess of acid, which would prevent the action of the bary- 
tic earth.* It must be acknowledged, however, that all these 
methods of separating baryta and strontia from each other are 
imperfect, and that an effectual process is still a desideratum. 

(D) The solution (B), after the addition of sulphate of 
soda, may contain lime, magnesia, alumina, and some metallic 
oxides. To separate the oxides, add ferro-cyanate of potassa, 
till its effects cease, and filter the solution, reserving the pre- 
cipitate for future experiments. 


* Klaproth separates baryta from strontia by evaporating the mixed solu- 
tions of both. The barytic salt, being less soluble, separates first; and the 
strontitic is contained in the last portions. 


2m 2 
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(E) When lime, magnesia, and alumina, are contained in 
the same solution, proceed as follows: 

(a) Precipitate the solution, previously made hot, by car- 
bonate of potassa ; wash the precipitate well, and dry it. It 
will consist of carbonate of lime, magnesia, and alumina. 
(L) The alumina may be separated by digestion with a solu- 
tion of pure potassa, which will dissolve the alumina, but not 
the other earths. (c) To this solution of alumina, add, very 
cautiously, diluted muriatic acid, till the precipitate ceases, and 
no longer: or, as Mr. Chenevix recommends, substitute mu- 
riate of ammonia, which throws down. the alumina without 
risk of re-dissolving it; decant the supernatant liquor ; wash 
the precipitate well with distilled water, and dry it. ‘Then 
expose it to a low red heat, ina crucible, and weigh it, which 
will give the proportion of alumina. 

_(F) Magnesia and lime may be separated, though not with 
perfect accuracy, by the following process: Evaporate to dry- 
ness the solution in nitric or muriatic acid. Weigh the dry 
mass, and pour on it, in a glass evaporating dish,* more 
than its own weight of strong sulphuric acid. Apply a sand- 
heat till the acid ceases to rise, and then raise the heat, so as 
to expel the excess of sulphuric acid. Weigh the dry mass, 
and digest it in twice its weight of cold distilled water.—This 
will dissolve the sulphate of magnesia, and will leave the sul- 
phate of lime, which must be put on a filter, washed with a 
little more water, and dried in a low red heat. To estimate 
the quantity of lime, allow for that base 41 per cent. of the 
weight of the precipitate ascertained before it has become 
cold. 

The magnesia is next to be precipitated from its sulphate 
by the sub-carbonate of potassa, in a heat approaching 212°; 
and the precipitate, after being well washed, must be dried, 
and calcined for an hour. Its weight, after calcination, will 
give the quantity of magnesia contained in the stone. 

It had been recommended, when magnesia and lime are 
contained in the same solution, to precipitate the latter by the 


_* The bottom of a brokea Florence flask answers this purpose extremely 


well, and bears, without breaking, the heat necessary to expel the sulphuric 
acid, 
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bi-carbonate of potassa; but it has been shown by Bucholz, 
that this process is defective,* a considerable proportion of 
the carbonate of lime remaining in solution. Dobereiner pre- 
fers adding the sub-carbonate of ammonia to the cold solution 
of the two earths. The carbonate of lime is thus thrown 
down, and carbonate of magnesia may afterwards be separated, 
by boiling the liquor; but it is found in practice that the first 
precipitate contains a little magnesia, and the second a little 
lime. To obviate this difficulty both carbonates may be pre- 
cipitated together by adding sub-carbonate of soda or of 
potassa to the heated solution ; and from this precipitate, after 
being sufficiently washed, muriate of ammonia will take up 
the carbonate of magnesia, leaving that of lime separate. 
From the weights of the carbonates, it is easy to estimate 
those of the pure earths contained in them. 3 

Mr. Phillips recommends the following plan of separating 
lime and magnesia from each other. To the muriatic or 
nitric solution of the two earths, add sulphate of ammonia in 
sufficient quantity ; evaporate the mixture gradually to dry- 
ness; and then heat it to redness, till it ceases to lose weight 
by the volatilization of the muriate or nitrate of ammonia 
formed. Note the weight of the mixed salt, reduce it to pow- 
der, and wash it with a cold saturated solution of sulphate of 
lime, till all the sulphate of magnesia appears to be dissolved ; 
dry the sulphate of lime left; and by deducting its weight 
from that of the mixed sulphates, the quantity of sulphate of 
magnesia dissolved will appear. (Quart. Journ. vi. 316.) 
This method, which it appears had been practised also by 
Mr. Cooper, has been shown by the latter to be susceptible 
of great precision. (Quart. Journ. vu. 392.)+ 

Dr. Daubeny, in an elaborate memoir on the methods of 
separating lime from magnesia, (Edinburgh Philosophical 
Journal, vii. 108.) proposes the following modification of the 
process which has been just described. Dissolve a given por- 
tion of the earth under examination in nitric acid, thus sepa- 


* Ann. de Chim. et Phys. iii. 403. 

+ Respecting the separation of these earths, the reader may also consult 
Ann. de Chim. et de Phys, ix, 177. xii, 255 and xvii. 349; also Ann. of 
Phil. xii, 394. xii. 58, 
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rating the silica, and most of the peroxide of iron, from the 
lime, magnesia, alumina, protoxide of iron, &c. Evaporate 
the solution, and drive off the nitric acid by heat, thus con- 
verting the iron into a peroxide. Weigh the residuum after 
calcination, and treat it with distilled vinegar or diluted acetic 
acid, which will take up only the lime and magnesia. Sub- 
tract the weight of the undissolved portion from that of the 
residuum after calcination, thus ascertaining the joint weight 
of the dissolved lime and magnesia; then decompose the 
acetates by sulphate of ammonia; evaporate the solution nearly 
to dryness, and separate the sulphate of magnesia from the 
sulphate of lime, by washing with water already saturated with 
sulphate of lime. Expose the sulphate of lime to a red 
heat, and ascertain its weight, from which the amount of the 
lime originally present may be readily deduced. We may 
then infer the weight of the magnesia from the difference 
between the amount of the lime, and that of the whole which 
the vinegar was found to have dissolved; or, if we wish to 
verify the result, it may be done by precipitating the mag- 
nesia by an alkali, or still better by converting it into triple 
phosphate. The quantity of sulphate of lime, present in the 
water used for washing off the sulphate of magnesia, may be 
estimated and allowed for. 

Or we may content ourselves by dissolving the lime and 
magnesia in muriatic acid; decomposing the solution by sul- 
phate of ammonia; and after suffering the sulphate of lime to 
subside, decanting off the supernatant liquor, and throwing 
down the magnesia from the latter by carbonate of ammonia 
and phosphate of soda. ‘The magnesia contained in the pre- 
cipitate may be estimated by the rule already given, page 511. 

(G) If magnesia and alumina only be held in solution by an 
acid (the absence of lime being indicated by the non-appear- 
ance of a precipitate, on adding oxalate of ammonia), the two 
earths may be separated by adding, to the cold solution, the 
earbonate of ammonia. ‘This will separate the alumina, which 
may be collected, washed, and dried. To ascertain that a 
complete separation of the two earths has been accomplished, 
the process may be followed, which is recommended by Klap- 
roth, in his Contributions, vol. i. page 418, ‘The magnesia, 
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remaining in solution, may be precipitated by sub-carbonate 
of potassa ; heat being applied, to expel the excess of carbonic 
acid. | 

Magnesia and alumina may, also, be separated by succinate 
of soda, which precipitates the latter earth only.* 

When the nitric solution of magnesia, of alumina, or of 
both, contains a small proportion of iron, this may be sepa- 
rated from either or both of the earths by evaporating to dry- 
ness, calcining the residue, during one hour, in a low red 
heat, and dissolving again in dilute nitric acid, which does not 
take up iron when thus per-oxidized. 

(H) ‘The insoluble residue (A) may contain alumina, silica, 
and oxides of metals, so far oxidized, as to resist the action of 
nitric and muriatic acids. 

(a) Add concentrated sulphuric acid, with a small quantity 
of potassa, and evaporate the mixture to dryness, in the vessel 
described in the note p. 532. On the dry mass pour a fresh 
portion of the acid; boil again to dryness, and let this be 
done, repeatedly, three or four times. By this operation, the 
alumina will be converted into alum, which will be easily 
soluble in warm water; and from the solution, crystals of 
alum will shoot on evaporation.+. The alumina may be prc- 
cipitated from the sulphuric acid by carbonate of potassa ; 
washed, dried, and ignited; and its weight ascertained. 

During the evaporation of a solution of alumina, which has 
been separated from silica, portions of the latter earth continue 
to fall, even to the last.t These must be collected, and 
washed with warm water; the collected earth.added to the 
portion (0), and the washings to the solution (a). 

Alumina may be separated from oxide of iron by a solution 
of pure potassa. 

From whatever acid alumina is precipitated by a fixed 
alkali, it is apt to retain a small portion of the precipitant. 
To ascertain the true quantity of this earth, it must, therefore, 


* See xvii. of the chapter on Mineral Waters. 

+ Klaproth procured crystals of alum from one fourth of a grain of 
alumina. The quantity of alumina he estimates at one tenth the weight of 
the crystallized alum which is obtained. 

¢ See Klaproth, vol. i, pages 66 and 75. 
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be re-dissolved in acetous acid, again precipitated by solution 
of pure ammonia, dried, and ignited. 

(L) The oxides (generally of iron only) may be separated 
from the silica in the following manner :—Let the insoluble ~ 
part (a) be heated in a crucible with a little wax. This will 
render the oxides soluble in diluted sulphuric acid, and the 
silica will be left pure and white. Let it be washed, ignited, 
and its weight ascertained. 


2. Stones insoluble in diluted nitric and muriatic Acids. 


These stones must be reduced to powder, observing the cau- 
tions given in page 529. 

(1) Let 100 grains, or any other determinate quantity, be 
mixed with three times their weight of pure and dry potassa. 
Put the whole into a crucible of pure silver, set in one of 
earthenware of a larger size, the interstice being filled with 
sand; and add a little water.* The crucible, covered with 
a lid, must then be gradually heated; and, as the materials 
swell and would boil over, they are to be stirred constantly 
with a rod or spatula of silver. When the moisture is dissi- 
pated, and the mass has become quite dry, raise the heat as far 
as can be done without melting the crucible, if of silver, and 
continue the heat during half an hour, or an hour. 

The phenomena that occur during this operation, indicate, 
in some degree, the nature of the mineral under examination. 
If the mixture undergo a perfectly liquid fusion, we may pre- 
sume that the stone contains much siliceous earth ; if it remain 
pasty and opaque, the other earths are to be suspected ; and, 
lastly, if it have the form of a dry powder, the bulk of which 
has considerably increased, it is a sign of the predominance 
of alumina. 

If the fused mass have a dark green or brownish colour, the 


* Klaproth effected the disintegration of corundum (which resisted eleven 
successive fusions with alkali) by adding to the powdered stone, in a cruci« 
ble, a solution of pure potassa, boiling to dryness, and pushing the mixture 
to fusion. The alkali must be perfectly caustic, and must have been puri- 
fied by alcohol. A platinum crucible is unfit for this purpose, as it is cor- 
roded by pure alkalis. 
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presence of oxide of iron is announced; a bright green indi- 
cates manganese, especially if the colour be imparted to water ; 
and a yellowish green the oxide of chrome. 

(2) The disintegration of stones, consisting chiefly of 
alumina, is not easily effected, however, by means of potassa. 
Mr. Chenevix found (Philosophical Transactions, 1802) that 
minerals of this class are much more completely decomposed 
by fusion with calcined borax. One part of the mineral to be 
examined, reduced to a very fine powder, and mingled with 
21 or three times its weight of glass of borax, is to be exposed 
to a strong heat for two hours in a crucible of platinum, set 
in a larger earthen one, and surrounded by sand. The cru- 
cible and its contents, which adhere very strongly to it, are 
then to be digested, for some hours, with miuriatic acid, by 
which a perfect solution will be accomplished. The whole 
of the earthy part is then to be precipitated by sub-carbonate 
of ammonia; and the precipitate, after being well washed, is 
to be re-dissolved in muriatic acid. By this means, the 
borax is separated. The analysis is afterwards to be conducted 
nearly in the manner which will presently be described. 

(K) The crucible, being removed from the fire, is to be 
well cleaned on the outside, and set, with its contents, in a 
porcelain or glass vessel, filled with hot water, which is to 
be stirred and renewed, occasionally, till the whole mass is 
detached. ‘The water dissolves a considerable part of the 
compound of alumina and silica with potassa, and even the 
whole, if added in sufficient quantity. During cooling, a se- 
diment occasionally forms, in the filtered liquor, of a brown- 
ish colour, which is oxide of manganese. (See Klaproth, 
1. 345, UL.) | | 

(L) To the solution (K), and the mass that has resisted 
solution, in the same vessel, add muriatic acid. The first por- 
tions of acid will throw down a flocculent sediment, which 
consists of the earths that were held dissolved by the alkali. 
Then an effervescence ensues; and a precipitate occurs, which 
is no sooner furmed than it is dissolved. Lastly, the portion 
that resisted the action of water is taken up, silently if it con- 
tain alumina, and with effervescence if it be carbonate of lime. 

(M) From the phenomona attending the action of muriatic 
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acid, some indications may be derived. If the solution assume 
a purplish red colour, it is a sign of oxide of manganese; an 
orange red shows iron; and a gold yellow colour betokens 
chrome. Freedom from colour proves that the stone con- 
tains no metallic ingredients. 

(N) When the solution is complete, it is to be evaporated 
to dryness in a glass vessel; but, if any thing resist solution, 
it must be heated, as before (I), with potassa. "When the 
liquor approaches to dryness, it assumes the form of a jelly, 
and must then be diligently stirred till quite dry. 

(O) (a) Let the dry mass be digested, at a gentle heat, with 
three or four pints, or even more, of distilled water, and filtered. 
() Wash what remains on the filter, repeatedly, till the wash- 
ings cease to precipitate the nitrate of silver, and add the 
washings to the filtered liquor. (c) Let the residue on the 
filter be dried and ignited in a crucible. Its weight shows the 
quantity of silica. If pure, it should be perfectly white; but if 
it has any colour, an admixture of some metallic oxide is indi- 
cated. From this it may be purified by digestion in muriatic 
acid, and may again be washed, ignited, and weighed. 

(P) The solution (O), which, owing to the addition of the 
washings, will have considerable bulk, is next to be evaporated, 
till less than a pint remains; carbonate of potassa must then be 
added, and the liquor must be heated during a few minutes. 
Let the precipitate, occasioned by the alkali, subside; decant 
the liquor from above it, and wash the sediment, repeatedly, 
with warm water. Let it then be put on a filter and dried. 

(Q) The dried powder may contain alumina, lime, mag- 
nesia, baryta, or strontia; besides metallic oxides, which may 
be separated from each other by the rules already given. 

(R) It may be proper to examine the solution (P) after the 
addition of carbonate of potassa, in order to discover, whether 
any and what acid was contained in the stone. 

(a) Tor this purpose, let the excess of alkali be euedbeped 
by muriatic acid, and the liquor filtered. 

(b) Add, to a little of this liquor, a solution of muriated 
baryta. Should a copious precipitate ensue, which is inso- 
luble in diluted muriatic acid, the presence of sulphuric acid is 
detected. And if much baryta, strontia, or lime, has been 
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found in the precipitate (Q), we may infer the presence of a 
sulphate of one of these three earths. 

(c) If on mixing the liquid (a) with the solution of muriated 
baryta, a precipitate should ensue which is soluble, without 
effervescence, in muriatic acid, the phosphoric acid may be 
known to be present; and, if lime be also found, the phos- 
phate of lime is indicated. 

(2) To a portion of the liquor (a) add a solution of muriate 
of lime till the precipitate, if any, ceases. Collect this preci- 
pitate, wash it, dry it, and pour on it a little sulphuric acid; 
Should acid fumes arise, the fluoric acid may be suspected. 
To ascertain its presence decisively, distil a portion of the 
precipitate with half its weight of sulphuric acid. The fluoric 
acid will be known by its effects on the retort, and by its other 
properties. . 

(S) The method of separating, from each other, the metal- 
lic oxides, usually found as the colouring ingredients of stones, 
remains to be accomplished. 

(a) Let the precipitate, by ferro-cyanate of potassa (D), be 
exposed to a red heat, by which the prussic acid will be de- 
composed. The oxides thus obtained, if insoluble in dilute 
nitric or muriatic acid, will be rendered soluble, by again 
calcining them with the addition of a little wax or oil. 

(/) Or the process may be varied by omitting the precipi- 
tation by ferro-cyanate of potassa, and proceeding as directed 
(E). The oxides will remain mixed with the magnesia and 
lime, and, after the addition of sulphuric acid, will be held 
in solution by that acid, along with magnesia only. 

In both cases the same method of proceeding may be 
adopted; such variation only being necessary as is occasioned 
by the presence of magnesia in the latter. 

(c) Yo the solution (a or 4), containing several metallic 
oxides dissolved by an acid, add a solution of bi-carbonate of 
potassa, as long as any precipitation ensues. ‘This will sepa- 
rate the oxides of iron, chrome, and nickel; but the oxide of 
manganese and the magnesia, if any be present, will remain 
dissolved. 

If a small quantity of oxide of manganese be suspected in 
an oxide of iron, it may be detected by mixing the oxide with 
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nitre, and throwing the mixture into a red-hot crucible. Man- 
ganese will be indioated by an amethystine red tinge in the 
solution of this nitre. 

To separate the oxides of iron and manganese from each 
other, Gehlen recommends succinic acid, which is preferred, 
also, by Klaproth and Bucholz.  Berzelius employs for this 
purpose the compounds of benzoic acid. Dr. John advises 
the addition of oxalate of potassa to the solution of the two 
oxides, first rendered as neutral as possible; but Bucholz finds 
that this process is imperfect, and that the oxalates precipitate 
manganese as well as iron. 

Mr. Hatchett has suggested a better method of separating 
iron from manganese. ‘The solution of the ore, made by sul- 
phuric acid, and filtrated, must be diluted with three or four 
pints of cold distilled water. ‘To this liquid, pure ‘ammonia 
must be gradually added, till it slightly restores the blue co- 
lour of reddened litmus paper. The oxide of iron will thus 
be separated, and will remain on the filter upon which the 
liquor is thrown; and the oxide of manganese will pass 
through it, in a state of solution, ‘The oxide of manganese 
may be obtained by evaporation to dryness, and by cal- 
cining in a heat sufficient to expel the muriate of ammonia.* 
The advantage of this method is, that the triple sulphate of 
ammonia and manganese, being very soluble in water, is not 
affected by an excess of alkali, so that no nicety is required in 
the addition of theammonia. Atthe same time, Mr. Faraday 
observes, it is necessary that there be sulphuric acid enough 
present to form, with the ammonia and the manganese, the 
soluble triple salt. If to a solution containing much matiga- 
nese and little iron, excess of ammonia be wadeds manganese 
will be thrown down as well as iron, because the sul pbivid 
acid present is not sufficient to combine with the manganese 
and the ammonia, in the propertions required to convert the 
whole of the manganese into a triple salt. In such a case, 
sulphuric acid ought to be added to the solution beforé the 
ammonia. When the proportion of iron is greater, of 
course there is more sulphuric acid present to combine with 


* Thomson’s Annals, v. 343. 


SECT, III, EXAMINATION OF MINERALS, 541 


the ammonia, and less additional acid is required. (Quarterly 
Journal, vi. 154.) 

Some other methods of separating iron and manganese, in 
addition to that of Mr. Hatchett, have been described by Mr. 
Faraday in the same volume of the Quarterly Journal, p. 357. 
One of the most easy and simple seems to be, to throw down 
the oxides (the iron being peroxidized), together from their 
solution ; to wash them by decantation; and to digest them in 
muriate of ammonia with a little sugar. The manganese, 
both protoxide and peroxide, will be dissolved, and the oxide 
of iron will remain. 

Of these methods of separating iron and manganese, it is 
probable that Mr. Herschell was not aware, when (in a paper 
published in the Annals of Philosophy, N. S. iii. 95), he con- 
demned as ineffectual all methods antecedent to the following, 
which he has himself proposed. The solution containing iron 
is to be brought to the maximum of oxidation, capable of 
being communicated by boiling with nitric acid. It is then 
to be just neutralized, while in a state of elullition, by carbo- 
nate of anmonia. The whole of the iron to the last atom is pre- 
cipitated, and the whole of the other metals present (supposed 
to be manganese, cerium, nickel, and cobalt), remains in so- 
lution. ‘To insure success, it is necessary that no oxide of 
manganese or cerium, above the first degree of oxidation, 
should be present; otherwise it will fall down along with the 
iron. In performing the process, the metallic solution should 
not be too concentrated, and must be agitated the whole time, 
especially towards the end; and when the tests of alkalis are 
feebly affected, the ammoniacal carbonate must be added 
slowly and in a diluted state. The precipitation turns on a 
peculiarity in the peroxide of iron, by virtue of which it is 
incapable of existing in a neutral solution at a boiling tempe- 
rature. It may be made, Mr. Herschell finds, the principle 
of a method of detecting the minutest quantity of other metals | 
in union with iron, for example, of nickel, titanium, and man- 
ganese, but not of uranium. 

(d) Magnesia and oxide of manganese may be separated by 
adding to their solution (c) the hydro-sulphuret of potassa,* 


* See vol. i. page 370. 
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which will throw down the manganese, but not the magnesia. 
The precipitated manganese must be calcined with the access 
of air and weighed. ‘The magnesia may afterward be sepa- 
rated by solution of pure potassa, or of the subcarbonate, at 
a boiling heat, and, when precipitated, must be washed, dried, 
and calcined. 

(e) The oxide of chrome may be separated from those of 
iron and nickel, by repeatedly boiling the three to dryness, 
with nitric acid. This will acidify the chrome, and will ren- 
der it soluble in pure potassa, which does not take up the 
other oxides. From this combination with potassa the chromic 
oxide may be detached by adding muriatic acid and evapo- 
rating the liquor till it assumes a green colour. Then, on 
adding a solution of pure potassa, the oxide of chrome will 
fall down, because the quantity of oxygen, required for its 
acidification, has been detached by the muriatic acid. 

(f) The oxides of iron and nickel are next to be dissolved 
in muriatic acid; and the solution evaporated to dryness. 
Liquid ammonia is then to be added, which acts on the oxide 
of nickel only. The solution may be again evaporated to dry- 
ness, which will render the oxide of iron more dense, and 
more easily separable from the soluble portion. A fresh addi- 
tion of ammonia will now readily dissolve the nickel, leaving 
the oxide of iron, which must be collected on a filter, dried, 
and weighed. If highly oxidized, it must, before weighing, 
be calcined with wax, ina crucible.* The oxide of nickel re- 
mains dissolved by the excess of ammonia, to which it imparts 
a blue colour. It may be separated by evaporating the solu- 
tion to dryness and dissolving the salt.+ 

(g) Oxide of nickel may be separated from oxide of copper, 
when contained in the same solution, by immersing in the so- 
lution a bar of zinc, which will precipitate the latter metal 
only. 

(A) From the ammoniaca! solution of nickel and cobalt, Mr. 


* Dr. Marcet alleges that after this operation, the iron still remains in 
the state of peroxide. Geolog. Transact. i. 

+ For an example of the separation of nickel from iron, see Klaproth’s 
Contributions, vol. i. page 422 ; where, also, and page 428, is an instance 
of the testing of nickel for copper. 
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Phillips finds that the former metal is immediately precipitated 
by potassa or soda, which very slowly and sparingly throw 
down cobalt from the same solvent. Laugier has proposed a 
method of separating nickel from cobalt, founded on the solu- 
bility of the triple oxalate of ammonia and cobalt in. water. 
The mixed oxalates of nickel and cobalt, precipitated by an 
alkaline oxalate, are to be placed in diluted ammonia, which 
dissolves both. The solution being exposed to the air, in 
order that the excess of ammonia may escape, the salt of 
nickel precipitates, while that of cobalt remains in solution. 

The analysis of the stone is now completed, and its accu- 
racy may be judged by the correspondence of the weight of 
the component parts with that of the stone originally sub- 
mitted to experiment. 

It may be proper to observe, that certain stones, which are 
not soluble in diluted nitric and muriatic acids, may be de- 
composed by an easier process than that described (A). 
Among these are the compounds of baryta, strontia, and lime, 
with acids, chiefly with the sulphuric, fluoric, and phosphoric. 
‘The sulphates of baryta, strontia, and lime; the fluate of 
lime; and the phosphate of lime; are all found native in the 
earth, and, except the last, are all insoluble in the above-men- 
tioned acids. They may be known generally by their external 
characters. The compounds of baryta and strontia havea 
specific gravity greater than that of other earths, but inferior 
to that of metallic ores. ‘They have, frequently, a regular or 
crystallized form, are more or less transparent, have some 
lustre, and their hardness is such as does not prevent their 
yielding to the knife. The combinations of lime, with the 
above-mentioned acids, are distinguished by similar charac- 
ters, except that they are much less heavy. To the minera- 
logist, the outward form and characters of these stones are 
sufficient indications of their composition. 

Instead of the fusion with alkali, an easier process may be 
recommended. Let the mineral under examination be reduced 
to powder, and be digested, in nearly a boiling heat, during 
one or two hours, with three or four times its weight of car- 
bonate of potassa, and a sufficient quantity of distilled water. 
The acid, united with the earth, will quit it and pass to the 
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potassa, while the carbonic acid will leave the alkali and com- 
bine with the earth. We shall obtain, therefore, a compound 
of the acid of the stone with potassa, which will remain in so- 
lution, while the carbonated earths will form an insoluble pre- 
cipitate; but, as already stated (vol. i. p. 582), the decompo- 
sition is scarcely ever complete. It is necessary, therefore, to 
decant the alkaline liquor; to edulcorate the precipitate with 
water; then to dissolve the earthy carbonates by diluted mu- 
riatic or nitric acids; and to treat the portion which resists 
solution with a fresh quantity of sub-carbonate of potassa. 
In this way we may proceed, till boiling with mild alkalis 
produces no more earthy carbonate. The alkaline solution 
may be assayed to discover the nature of the acid, according 
to the formula (I); and the earths, dissolved by the acid which 
has been applied to them, may be separated from each other 
by the processes (B), &c. 

(T) In the foregoing rules for analysis I have omitted the 
mode of detecting and separating glucina, because this earth 
is of very rare occurrence. When alumina and glucina are 
present in a mineral, they may be separated from the preci- 
pitate (Ea) by pure potassa, which dissolves both these earths. 
A sufficient quantity of acid is then to be added to saturate 
the alkali; and carbonate of ammonia is to be poured in, till a 
considerable excess of this carbonate is manifested by the 
smell. ‘The alumina is thus separated, but the glucina, being 
soluble in the carbonate of ammonia, remains dissolved, and 
may be precipitated by boiling the solution. 

(U) Zirconia may be separated from alumina, by boiling 
the mixed earths with pure soda, which acts only on the lat- 
ter.* From an acid solution containing both earths, the alu- 
mina is thrown down by saturated carbonate of potassa, which, 
when added in excess, re-dissolves the zirconia.. Glucina and 
zirconia, or glucina and yttria, may be separated, when mixed 
together in solution, by ferro-cyanate of potassa, which has no 
action on glucina, but precipitates the two other earths. 

(V) To separate yttria from alumina, precipitate both earths 
from a solution containing them, by pure ammonia; boil the 
precipitate in a solution of pure soda, which chiefly takes up 
fe eee ee eee eee i) eee ae ae ee 

* Klaproth, vol. ii. page 213, 
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alumina; neutralize the solution with sulphuric acid, and add 
carbonate of soda to the solution, brought to the boiling 
temperature. A precipitate will ensue, consisting of alumina, 
with some yttria. ‘To separate the latter earth, dissolve in ‘ 
muriatic acid, and add an excess of carbonate of ammonia, 
which takes up only the yttria. To ensure, still farther, the 
purity of the alumina, dissolve the residue in an excess of 
sulphuric acid, add a small portion of sulphate of potassa, 
and crystallize the solution. The crystals of alum, that are 
produced, contain one-tenth of alumina. 

(W) The presence of potassa (which has lately been dint 
vered in some stones) may be detected by boiling the pow- 
dered mineral, repeatedly to dryness, with strong sulphuric 
acid. Wash the dry mass with water, add a little excess of 
acid, and evaporate the solution to a smaller bulk. If crystals 
of alum should appear, it is an indication of potassa, because 
alum can never be obtained in a crystallized form, without the 
addition of an alkali. 

But since a mineral may contain potassa, and little or no 
alumina, in which case no crystals of alum will appear, it may 
be necessary, in the laiter case, to add a little alumina along 
' with the sulphuric acid. Or the stone may be so hard as to 
resist the action of sulphuric acid; and it will then be neces- 

sary to fuse it [in the manner directed (1)] with soda, which 
has also a solvent power over alumina and silica. The fused 
mass is to be dissolved in water, and supersaturated with sul-— 
phuric acid. Evaporate to diryness, re-dissolve in water; and 
filter, to separate the silica. Evaporate the solution, which 
will first afford crystals of sulphate of soda, and afterwards 
of sulphate of potassa, shold the latter alkali be contained in 
the mineral. | 

Klaproth first discovetred potassa in leucite, on summing up 
the results of its analysis, which gave a considerable loss of 
weight. By boiling the stone with diluted muriatic acid, and 
evaporation, he obtaimed crystals of muriate of potassa. An- 
other proof of the presence of potassa was, that, when sul- 
phuric acid was boiled with it, the solution gave crystals 
of alum, to which potassa is essential. He also boiled the 
stone with muriati cacid, and, after dissolving the muriate of 

VOL. JI. : 2N 
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alumina by alcohol, muriate of potassa remained. The vol- 
canic leucite contained Jess potassa than other kinds. ‘The 
same alkali he also detected, afterwards, in lepidolite. 

The potassa, contained in sulphate of alumina, may be sepa- 
rated from that earth, by adding a solution of pure baryta as 
long as any precipitation is produced. The alumina and sul- 
phate of baryta will fall down together, and the potassa will 
remain in solution. Its presence may be known by the tests, 
enumerated at page 512. 

In certain minerals that gelatinate, when pulverized and ex- 
posed to the action of. muriatic acid, Dr. Wollaston has 
pointed out an easy method of detecting alkalis. Expose the 
gelatinous mass in a watch glass to a temperature not exceed~- 
ing that of boiling water, until perfectly dry. In this state, if 
potassa or soda be present, small cubic crystals are generally 
discoverable with the assistance of a lens. In this way, Dr. 
Clarke was enabled to discover potassa in Gehlenite. (Ann. 
of Phil. xiv. 450.) 

X. Soda may be detected in a mineral by the following ex- 
periments :—Let the powdered stone be treated with sulphuric 
acid, as in (U); wash off the solution, and add pure ammonia, 
till the precipitation ceases; then filter, evaporate the solution 
to dryness, and raise the heat so as to expel the sulphate of 
ammonia. The sulphate of soda will remain, and may be 
known by its appropriate characters. 

Soda was first found, by Klaproth, in chrysolite, in the large 
proportion of 36 per cent. This analysis was confirmed by 
Vauquelin, whose mode of separating soda is the one which I 
now recommend. lBoth the fixed alkalis have since been 
frequently discovered in native minerals; viz. soda in basalt 
(Klaproth, ii. 195); in pitch-stone (207); and in kling-stone, 
amounting to 8 per cent. (182). The same skilful analyst has 
found potassa in Hungarian pearl-stone (263); and, accom- 
panied by soda, in pumice (20). 

A method has been proposed by Sir H. Davy,* for ana- 
lyzing stones, containing either of the fixed alkalis, by means 
of the boracic acid. The process is sufficiently simple. One hun- 


* Philosophical Transactions, 1805; or Nicholson’s Journal, xiii. 86. 
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dred grains of the stone to be examined must be fused, during 
half an hour, at a strong red heat, with 200 grains of boracic 
acid. An ounce and a half of nitric acid, diluted with seven 
or eight parts of water, must be digested on the mass, till the 
whole has been decomposed. ‘The fluid must be evaporated, 
till its quantity is reduced toan ounce and half, or two ounces. 

If the stone contain silica, this earth will be separated by 
the processes of solution and evaporation. It must be collected 
on a filter, and washed well with water, till the boracic acid, 
and all the saline matter, are separated. ‘The fluid, and all 
that has passed through the filter, must be evaporated to about 
halfa pint; then saturated with carbonate of ammonia ; and 
boiled with an excess of that salt, till all the materials that it 
contains, capable of being precipitated, have fallen to the 
bottom of the vessel. ‘The solution must then be passed 
through a filter, which retains the earths and metallic oxides. 
It must then be mixed with nitric acid, till it tastes strongly 
sour, and evaporated till the boracic acid appears free. The 
fluid must next be evaporated to dryness; when by exposure 
to a heat of 450° Fahrenheit, the nitrate of ammonia will be 
decomposed, and the nitrate of potassa or soda will remain in 
the vessel. 

The remaining earths and metallic oxides are separated from 
each other by common processes; viz. alumina by solution of 
potassa; lime by sulphuric acid; oxide of iron by succinate of 
ammonia; oxide of manganese by hydro-sulphuret of potassa ; 
and magnesia by pure soda. 

Berard has found that nitrate of lead may be advantageously 
employed in the analysis of stones that contain silicated alkali. 
-One part of the stone very finely powdered is to be intimately 
mixed with two parts of finely powdered nitrate, and one of car- 
bonate, of lead. The whole is to be put into a platina crucible, 
which is to be placed in another crucible and covered with alid. 
A red heat isto be applied for a quarter of an hour. The fusion 
takes place without effervescence, and a yellowish or brownish 
mass is found in fusion on removing the cover.- ‘This is to be 
poured into water, the coldness of which causes it to split into 
small fragments that are easily attacked by acids, of which 
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nitric acid is the one best adapted to the purpose. With this 
acid, it is to be boiled, and occasionally stirred and broken 
down. The silex remains in a viscid state. The oxide of 
lead is precipitated by sulphuric acid, added till water satu- 
rated with sulphureted hydrogen causes no change. ‘The 
liquid is boiled with carbonate of ammonia, and the precipitate 
thus formed analyzed by common methods. Lastly, the liquid 
is evaporated to dryness; the salts calcined in a platinum 
crucible; and the residuum collected and weighed. ‘This re- 
sidue contains the alkali originally present in the mineral in 
the state of a sulphate, and almost always sulphate of mag- 
nesia. It may be analyzed by processes that have been already 
described, or by others contrived by Berthier, and detailed in 
his paper. (Ann. de Chim. et de Phys. xvii. 28; or Quarterly 
Journal, xii. 169.) 


Table of Substances which may be expected in Earths and 


Stones, and References to the Means of separating them from 
each other. 


Acid, fluoric, R. d. 
phosphoric, R. ¢. 
sulphuric, R. 0. 
Alumina from lime and magnesia, E. 
its quantity, E. c. 
from magnesia, G, 
silica, H. a. 
metallic oxides, H. a. 
glucina, T. 
Baryta and strontia from other earths, B. 
from strontia, C. 
Chromium from manganese, &c. S. c. 
iron and nickel, S. e. 
Earths from oxides, D. 
Glucina from alumina, T. 
Iron from manganese, S. e, 
nickel, S. f: 
Lime from magnesia, F, 
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Lime from alumina, E. 0. 
its quantity, I’. 
Magnesia from lime, F. 
alumina, G. 
manganese, 8. d. 
| its quantity, F’. 
Manganese, indications of, M. ° 
from iron, chrome, and nickel, S. c. 
magnesia, S. d. 
Nickel from manganese, S. é. re 
iron, S. f. from copper, 8. g. from cobalt, S. 4, 
Oxides, metallic, from earths, D. 
Potassa from earths and oxides, W. 
Silica from alumina, H. a. 
earths in general, O. c. 
oxides, H. 0. 
Soda from earths and oxides, X. 
Strontia, see Baryta. 
Yttria from alumina, &c. V. 
Zirconia from alumina, &c. U. 


Art. 4.—Analysis of Inflammable Fossils. 


The exact analysis of inflammable fossils is seldom neces- 

sary in directing the most beneficial application of them. It 

may be proper, however, to offer a few general rules for judg- 
ing of their purity. 


I.— Sulphur. 


Sulphur should be entirely volatilized by distillation in 
a glass retort. If any thing remain fixed, it must be con- 
sidered as an impurity, and may be examined by the preced- 
ing rules. 

Sulphur, also, should be totally dissolved by boiling with 
solution of pure potassa, and may be separated from its im- 
purities by this alkali, 

Impure sulphur, consumed by burning in a small crucible, 
leaves a residue of oxide of iron and silica. 
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Il.—Ceals. 


yl. The proportion of bituminous matter in coal may be learnt 
by distillation, in an earthen retort, and collecting their products. 

2. The proportion of earthy or metallic ingredients may 
be found, by burning the coal with access of air, on a red-hot 
iron. What remains unconsumed must be considered as an 
impurity, and may be analyzed by the foregoing rules. 

3. The proportion of carbon may be ascertained by ob- 
serving the quantity of nitrate of potassa, which a given weight 
ithe coal is capable of decomposing. For this purpose, let 
500 grains, or more, of perfectly pure nitre be melted in a 
crucible, and, when red-hot, let the coal to be examined, re- 
duced to a coarse powder, be projected on the nitre, by small 
portions at once, not exceeding one or two grains. Imme- 
diately, when the flame, occasioned by one projection, has 
ceased, let another be made, and so on till the effect ceases. 
The proportion of carbon in the coal is directly proportionate 
to the quantity required to alkalize the nitre. Thus, since 
12.709 of carbon are required to alkalize 100 of nitre, it will 
be easy to deduce the quantity of carbon, in a given weight of 
coal, from the quantity of nitre which it is capable of decom- 
posing. This method, however, is liable to several objections, 
which its inventor, Mr. Kirwan, seems fully aware of.* 

4. The most accurate mode of analyzing the different va- 
rieties of coal is by peroxide of copper, in the manner de- 
scribed page 166; examples of this kind of analysis may be 
consulted in Dr. Thomson’s Memoir in the 16th volume of 
Annals of Philosophy. 

Plumbago, or black-lead, is another inflammable substance, 
which it may sometimes be highly useful to be able to identify, 
and to judge of its purity.— When projected on red-hot nitre, 
it should detonate; and, on dissolving the decomposed nitre, 
an oxide of iron should remain, amounting to one-tenth the 
weight of the plumbago. Any mineral, therefore, that 
answers to these characters, and leaves a shining trace on 
paper, like that of the black-lead pencils, is plumbago. © 


* See his Elements of Mineralogy, vol. ii. p. 514. 
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Art. 5.— Analysis of Metallic Ores. 


The class of metals comprehends so great a number of 
individuals, that it is almost impossible to offer a comprehen- 
sive formula for the analysis of ores. Ores of the same metal, 
also, as the mineralizing ingredients vary, require very dif- 
ferent treatment. Yet some general directions are absolutely 
necessary, to enabie the chemist to judge of the composition 
of bodies of this class. = 

The ores of metals may be analyzed in two modes,—in the 
humid and the dry way. The first is effected with the aid of 
acids and of other liquid agents, and may often be accomplished 
by persons who are prevented by the want of furnaces, and 
other necessary apparatus, from attempting the second. If 
sulphur, however, be present in an ore, which may be gene- 
rally known by its external characters, as described by mine- 
ralogical writers, it impedes the action of acids: it should, 
therefore, be separated, cither by roasting the ore on a mufile, 
or by projecting it, mixed with twice or thrice its weight of 
nitre, into a red-hot crucible, washing off the alkali after- 
wards by hot water. | 

It is hardly possible to employ a solvent, capable of taking 
up all the metals. Thus, the nitric acid does not act on gold 
or platinum; and the nitro-muriatic, which dissolves these 
metals, has no solvent action on silver. Tt will be necessary, 
therefore, to vary the solvent according to the nature of the 
ore under examination. 

1. For ores of gold and platinum, the nitro-muriatic acid is 
the most proper solvent. A given weight of the ore may be 
digested with this acid, as long as it extracts any thing. The 
solution may be evaporated to dryness, in order to expel, the 
excess of acid, and dissolved in water. The addition of a 
solution of muriate of tin will show the presence of gold by 
a purple precipitate; and platinum will be indicated by a pre- 
cipitate, on adding a solution of muriate of ammonia. When 
gold and platinum are both contained in the same solution, 
they may be separated from each other by the last-mentioned _ 
solution, which throws down the platinum, but not the gold. 
In this way platinum may be detached, also, from other metals. 
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When gold is contained ina solution, along with several 
other metals, it may be separated from most of them by adding 
a dilute solution of sulphate of iron. ‘The only metals, which 
this salt precipitates, are gold, palladium, silver, ard mer- 
cury.”* 

2. For extracting silver from its ores, the nitric acid is the 
most proper solvent. Nitric acid, however, does not act on 
horn-silver ore, containing chloride of silver, which must be 
decomposed by carbonate of soda. Carbonate of silver is thus 
formed, which readily dissolves in nitric acid. The silver may 
be precipitated from nitric acid by solution of common salt. 
Every 100 parts of the precipitate, washed, dried, and ignited, 
contain 75.5 of silver. But, as lead may be present in the 
solution, and this metal is also precipitated by common salt, 
it may be proper to immerse in the solution (which should 
not have any excess of acid) a polished plate of copper. This 
will precipitate the silver, if present, in a metallic form. The 
chloride of silver is also soluble in liquid ammonia, which that 
of lead is not. Tor examples of the analysis of silver ores, the 
reader may consult Klaproth, vol. i. page 554, &c. 

3. Copper ores may be analyzed by boiling them with five 
times their weight of concentrated sulphuric acid, mixed with 
one part of nitric acid, till a dry mass is obtained, from which 
water will extract the sulphate of copper. This salt is to be 
decomposed by a polished plate of iron, immersed in a dilute 
solution of it. The copper will be precipitated in a metallic 
state, and may be scraped off and weighed. 

If silver be suspected along with copper, nitric acid only 
must be employed as the solvent; and a plate of polished 
copper will detect the silver. 

The reader, who engages in the analysis of copper ores, 
will derive much advantage from the examples to be found in 
Klaproth’s Essays, vol. i. pages 54, 541, &c.; and also from 
Mr. Chenevix’s paper on the analysis of arseniates of copper 
and iron, Philosophical Transactions, 1801, or Nicholson’s 


* Consult Dr. Bright’s account of the processes followed at the gold and 
silver mines in Hungary, in his Travels through Hungary, &c.; or in the 


Philosophical Magazine, lil. &. 
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Journal, 8vo. vol. i.; from Vauquelin’s remarks in Thomson’s 
Annals, iv. 157; and from Mr. I. Phillips’s Essays in the 
Quarterly Journal, iv. 274, and vii. 100, and in the Annals of 
Philosophy, N.S. iii. 81, 296. 

4. Iron ores may be dissolved in diluted muriatic acid, or, 
if the metal be too highly oxidized to be dissolved by this acid, 
they must be previously mixed with one-eighth of their weight 
of powdered charcoal, and calcined in a crucible for one hour, 
The iron is thus rendered soluble. 

The solution must then be diluted with 10 or 12 times its 
quantity of water, previously well boiled, to expel the air, and 
must be preserved in a well-stopped glass bottle for six or 
eight days. ‘The phosphate of iron will, within that time, be 
precipitated, if any be present, and the liquor must be de- 

canted off. 

_ The solution may contain the Pride: of iron, manganese, 
and zinc. It may be precipitated by carbonate of soda, which 
will separate them all. The oxide of zinc will be taken up 
by a solution of pure ammonia; distilled vinegar will take up 
the manganese, and will leave the oxide of iron: or the two 
last oxides may be separated as directed page 540. From 
the weight of the oxide of iron, after ignition, during a quar- 
ter of an hour, 28 per cent, may be deducted. The remain- 
der shows the quantity of metallic iron. 

8. Tin ores. To that accomplished analyst, Klaproth, we 
owe the discovery of a simple and effectual mode of analyzing 
tin ores in the humid way. 

Boil 100 grains, in a silver vessel, with a solution of 600 
grains of pure potassa. Evaporate to dryness, and then ignite, 
moderately, for half an hour. Add boiling water, and, if any 
portion remain undissolved, let it undergo a similar treatment. 

Saturate the alkaline solution with muriatic acid, which will 
throw down an oxide of tin. Let this be re-dissolved by an 
excess of muriatic acid; again precipitated by carbonate of 
soda; and, being dried and weighed, let it, after lixiviation, 
be once more dissolved in muriatic acid. The insoluble part 
consists of silica. Into the colourless solution, diluted with 
two or three parts of water, put a stick of zinc, round which 
the reduced tin will collect. Scrape off the deposit, wash, 
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dry, and fuse it under a cover of tallow in a capsule placed on 
charcoal. A button of pure metallic tin will remain at the 
bottom, the weight of which, deducted from that of the ore, 
indicates the proportion of oxygen. 

The presence of tin in an ore is indicated by a purple pre- 
cipitate, on mixing its solution in muriatic acid with one of 
gold in nitro-muriatic acid. 

6. Lead ores may be analyzed by solution in nitric acid, _ 
diluted with an equal weight of water. The sulphur, if any, 
will remain undissolved. Let the solution be precipitated by 
carbonate of soda. If any silver be present, it will be taken 
up by pure liquid ammonia. Wash off the excess of am- 
monia by distilled water; and add concentrated sulphuric 
acid, applying heat, so that the muriatic acid may be wholly 
expelled. Weigh the calcined sulphate of lead, and for every 
100 parts, 68 may be considered as lead. 

Chloride of lead may be separated from chloride of aileer 
by its greater solubility in warm water. From the solution, 
iron may be separated by prussiate of potassa, and the solution 
decomposed by sulphuric acid. (See Vauquelin’s Analysis of 
Galena, Journ. des Mines, No. 68; Klaproth’s Analyses of Sul- 
phate and Phosphate of Lead; Chenevix’s Analysis of Native 
Muriate of Lead, Nicholson’s Journal, 4to. vol. iv.; Hatchett 
on Bournonite (an ore of lead, antimony, and copper), Phil. 
Trans. 1804; and Smithson on ditto, Phil. Trans, 1808, and 
Annals of Phil. xiv. 96.) 3 

7. Mercury may be detected in ores that are supposed to 
contain it, by distillation in an earthen retort with half their 
weight of iron filings or dry lime. The mercury, if any be 
present, will rise and be condensed in the receiver. See Kla- 
proth’s Analytical Essays. 

8. Ores of tc may be digested with the nitric acid, and 
the part that is dissolved boiled to dryness, again dissolved 
in the acid, and again evaporated. By this means the iron, 
if any be present, will be rendered insoluble in dilute nitric 
acid, which will take up the oxide of zinc. To this solution 
add pure liquid ammonia, in excess, which will separate the 
lead and iron, if any should have been dissolved, and the ex- 
cess of alkali will retain the oxide of zinc. This may be pre- 
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cipitated by the addition of an acid, or by the evaporation of 
the solvent. Silica, also, is an abundant ingredient of some 
zinc ores. For examples of analyses of ores of zinc, see 
Smithson’s Analyses of Calamine, Phil. Trans. 1803; Dr. 
Thomson’s Analysis of Blende, Ann. of Phil. iv. 94; Berthier 
in Silliman’s American Journal, ii. 319; and Cooper in Quar- 
terly Journal, ix. 191. 

9. Antimonial ores. Dissolve a given weight, in three or 
four parts of muriatic and one of nitric acid. ‘This will take 
up the antimony, and leave the sulphur, if any. On dilution 
with water, the oxide of antimony is precipitated, and the 
iron and mercury remain dissolved. Lead may be detected 
by sulphuric acid. (See Klaproth on the Analysis of Anti- 
moniated Silver Ore, vol. i. p. 560, and Hatchett on Bourno- 
nite, Phil. Trans. 1804.) 

10. Ores of arsenic may be digested with nitro-muriatic acid, 
composed of one part nitric, and one and a half or two of 
muriatic acid. [vaporate the solution to one-fourth, and 
add water, which will precipitate the arsenic. The iron may 
afterwards be separated by ammonia. (See Chenevix, Phi- 
losophical Transactions, 1801, page 215.) 

11. Ores of bismuth are also assayed by digestion in nitric 
acid moderately diluted. ‘The addition of water precipitates 
the oxide, but, if not wholly separated at first, evaporate the 
solution; after which, a further addition of water will preci- 
pitate the remainder. (See Analysis of an Ore of Bismuth 
and Silver, in Klaproth, vol. 1. page 554; Mode of detecting 
asmall Quantity of Silver in Bismuth, Do. page 220. c.) 

12. Ores of cobalt may be dissolved in nitro-muriatic acid. 
Then add carbonate of potassa, which at first separates iron 
and arsenic. Filter, and add a farther quantity of the carbo- 
nate, when a greyish red precipitate will fall down, which is 
oxide of cobalt. The iron and arsenic may be separated by 
heat, which volatilizes the arsenic. Cobalt is also ascertained, 
if the solution of an ore in muriatic acid gave a sympathetic 
ink. (See chap. ix. sect. 27.—An example of the analysis of 
an ore of cobalt may be scen in Klaproth. vol. i. page 554; 
and of sulphate of cobalt, Do. page 579.) 

13. Ores of nickel. Dissolve them in nitric acid, and add 
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to the solution pure ammonia, in such proportion that the 
alkali may be considerably in excess. This will precipitate most 
other metals, and will retain the oxide of nickel in solution, 
which may be obtained by evaporation to dryness, and heating 
the dry mass till the nitrate of ammonia has sublimed. (See 
Berzelius on the Methods of analyzing Ores of Nickel, Ann. 
of Phil. N.S. ili. 206.) 

14. Ores of manganese. The earths, and several of the 
metals, contained in these ores, may first be separated by 
diluted nitric acid, which does not act on highly oxidized 
manganese. The ore may afterward be digested with strong 
muriatic acid, which will take up the oxide of manganese. 
Chlorine gas will arise, ifa gentle heat be applied, and may 
be known by its peculiar smell, and by its discharging the 
colour of wet litmus paper exposed to the fumes. From mu- 
riatic acid the manganese is precipitated by carbonate of soda, 
in the form ofa white carbonate, which becomes black peroxide 
when heated in a crucible. Ores, suspected to contain manga- 
nese, may also be distilled per se, or with sulphuric acid, when 
oxygen gas will be obtained. Oxide of manganese may be se- 
parated from oxide of iron by solution of pure potassa, which 
takes up the former but not the latter. (See the analysis of 
an ore of manganese, vid humidd, in Klaproth, vol. i. p. 5103 
and of a cobaltic ore of manganese, page 569.) 

Ores of manganese may also be distinguished by the colour 
they impart to borax, when exposed together to the blow- 
pipe.* / | 

15. Ores of uranium. ‘These may be dissolved in dilute 
nitric acid, which takes up the uranitic oxide, and leaves that 
of iron; or in dilute sulphuric acid, which makes the same 
election ; or, if any iron has got into the solution, it may be 
precipitated by zinc. Then add caustic potassa, which throws: 
down the oxide of zinc and uranium. The former may be 
separated by digestion in pure ammonia, which leaves, un- 
dissolved, the oxide of uranium. This, when dissolved by 
dilute sulphuric acid, affords, on evaporation, crystals of a 
lemon yellow colour. 


* See chap. ix, sect. 14; and also Thomson’s Annals, iii, 312. 
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If copper be present, it will be dissolved, along with the 
zinc, by the ammonia. If lead, it will form, with sulphuric 
acid, a salt much less soluble than the sulphate of uranium, 
and which, on evaporation, will therefore separate first. (See 
Gregor in Annals of Philos. v. 281; Herschell, same work, 
N.S. iii. 99; and Phillips, Do. v. 57.) 

16. Ores of tungsten. For these the most proper treatment 
seems to be digestion in nitro-muriatic acid, which takes up 
the earths and other metals. The tungsten remains in the form 
of a yellow oxide, distinguishable, by its becoming white on 
the addition of liquid ammonia, from the oxide of uranium. 
To reduce this oxide to tungsten, mix it with an equal weight 
of dried blood, heat the mixture to redness, press it into 
another crucible, which should be nearly full, and apply a 
violent heat for an hour at least. (See Klaproth’s Analytical 
Essays; D’Elhuyar Mem. de Acad. de Toulouse, ii.; and 
Vauquelin, Journ. des Mines, No. XIX.) 

17. Ores of molybdenum. Repeated distillation to dryness, 
with nitric acid, converts the oxide into an acid, which is in- 
soluble in nitric acid, and may thus be separated from other 
metals, except iron, from which it may be dissolved by sul- 
phuric or muriatic acids. ‘The solution in sulphuric acid is 
blue, when cold, but colourless, when heated. ‘That in mu- 
riatic acid is only blue, when the acid is heated and con- 
centrated. * 

Respecting the ores of the remaining metals, sufficient in- 
formation has been already given for the purposes of the ge- 
neral student, and they are of such rare occurrence, that it is 
unnecessary to describe them more in detail. It may he pro- 
per, however, to state where the best examples of the analysis 
of each may be found. 

16. Ores of titanium. Consult Gregor, in Journ. de Phy 
sique, Xxxix. 72, 152; Klaproth, i. 496; and Chenevix, Ni- 
cholson’s Journal, v. 132. 

19. Ores of tellurium. See Klaproth, ii. 1. 

20. Ores of chromium. Vauquelin, Ann. de Chim. xxv. 


* See Hatchett’s Analysis of the Carinthian Molybdate of Lead, Philo 
sophical Transactions, 1796 ; and Klaproth, vol. i. pages 534, 538, 
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21. Ores of columbium. Hatchett, Phil. Trans. 1802; Ann. 
de Chimie, xliii. 276. 

22. Ores of palladium and rhodium. Wollaston, Phil. 
Trans, 1805; Baruel, Quar. Journ. xii. 

23. Ores of iridium and osmium. ‘Tennant, Phil. Trans. 
1804; Baruel, Quar. Journ. xii. 247. 

24. Ores of cerium. Hisenger and Berzelius, and Vauquelin, 
Nicholson’s Journ. 8vo. xii. 


Art. 6.—Analysis of Ores in the dry way. 


To analyze ores in the dry way, a method which affords the 
Most satisfactory evidence of their composition, and should 
always precede the working of large and extensive mines, a 
more complicated apparatus is required.—An assaying fur 
nace, with mufiles, crucibles, &c., is absolutely necessary. 
These have already been enumerated in the chapter on Appa- 
ratus, and will be found described in the Explanation of the 
Plates. Much useful information respecting the composition 
of minerals may, also, be gained from experiments with the 
blow-pipe. Ample directions for assays of this kind are given 
in a Memoir by Haussman, in the 43d volume of the Philo- 
sophical Magazine; by Gahn in the 11th vol. of Dr. Thom- 
son’s Annals, p. 40; and by Berzelius, in a work expressly 
devoted to the purpose, which has been lately translated, and 
published with valuable additions, by Mr. Children (1 vol. 
8vo. London, 1822). To this work I refer the reader for a 
variety of details which require attention in metallurgic expe- 
riments with the blow-pipe. In the Appendix, a table will be 
found, exhibiting the appearances of the different earths and 
metallic oxides under that instrument. 

The reduction of an ore requires, frequently, previous 
roasting, to expel the sulphur and other volatile ingredients: 
or this may be effected, by mixing the powdered ore with 
nitre, and projecting the mixture into a crucible. The sul- 
phate of potassa, thus formed, may be washed off, and the 
oxide must be reserved for subsequent experiments. 

As many of the metals retain their oxygen so forcibly, that 
the application of heat is incapable of expelling it, the ad- 
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dition of inflammable matter becomes expedient. And, to 
enable the reduced particles of metal to agelutinate and form 
a collected mass, instead of scattered grains, which would 
otherwise happen, some fusible ingredient must be added, 
through which, when in fusion, the reduced metal may de- 
scend, and be collected at the bottom of the crucible. Sub- 
stances that answer both these purposes are called fluxes. 
The alkaline and earthy part of fluxes serve also another end, 
viz. that of combining with any acid which may be attached to 
a metal, and which would prevent its reduction if not separated. 

The ores of different metals, and different ores of the same 
metal, require different fluxes. ‘To offer rules, however, for 
each individual case, would occupy too much room in this 
work: I shall, therefore, only state a few of those fluxes that 
are most generally applicable. 

The black flux is formed, by setting fire to a mixture of one 
_ part of nitrate of potassa, and two of bi-tartrate of potassa ; 
which affords an intimate mixture of sub-carbonate of potassa 
with a fine light coal. While flux is obtained by projecting 
into a red-hot crucible equal parts of the same salts. Two 
parts of common salt, previously dried in a crucible, one part 
of dry and powdered lime, one part of fluate of lime, and half 
a part of charcoal; or 400 parts of calcined borax, 40 of lime, 
and 50 of charcoal; or, two parts of pounded and finely sifted 
glass, one of borax, and half a part of charcoal, are all well 
adapted to the purpose of fluxes. The ore, after being roasted, 
if necessary, is to be well mixed with three or four times its 
weight of the flux, and put into a crucible, with a little pow- 
dered charcoal over the surface. A cover must be luted on, 
and the crucible exposed to the necessary heat in a wind-fur- 
nace. Ores of iron being diflicultly reduced, require a very 
intense fire. ‘Those of silver and jead are metallized by a 
lower heat. The metal is found at the bottom of the crucible, 
in the form of a round button. 

The volatile metals, as mercury, zinc, arsenic, tellurium, 
and osmium, it is obvious, ought not to be treated in the above 
manner, and require to be distilled with inflammable matters 
in an earthen retort. 

For minute instructions respecting the analysis of every 
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species of ore, both in the humid and dry ways, I refer to the 
second volume of Mr. Kirwan’s Mineralogy, and to a Treatise 
on the General Principles of Chemical Analysis, translated 
from the French of Thenard, by Mr. Children. Various ex- 
cellent examples, which may be studied with great advantage, 
may be found in the essays of Vauquelin, dispersed through 
the Annales de Chimie; in those of Mr. Hatchett and Mr. 
Chenevix, in the Philosophical Transactions ; of Dr. Kennedy, 
in Nicholson’s Journal; and of Mr. Klaproth, in the work 
already frequently referred to. It is only, indeed, by an atten- 
tion to these, and to more recent models of chemical skill and 
accuracy to be found in the various philosophical journals, 
conjoined with the practical imitation of them, that facility or 
certainty in the art of analyzing minerals can be acquired: 
and though general rules-are, in this instance, of considerable 
utility, it is impossible to frame any that can be adapted to the 
infinite variety which nature presents in the productions of the 
mineral kingdom. 
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CHAPTER XV, 


APPLICATION OF CHEMICAL TESTS AND RE-AGENTS TO VARIOUS 
USEFUL PURPOSES. 


<i 
SECTION I, 


Method of Detecting Poisons. 


Wuen sudden death is suspected to have been occasioned 
by the administration of poison, either wilfully or by acci- 
dent, the testimony of the physician is occasionally required 
to confirm or invalidate this suspicion. He may also be 
sometimes called upon to ascertain the cause of the noxious 
effects arising from the presence of poisonous substances in 
articles of diet; and it may therefore serve an important pur- 
pose, to point out concisely the simplest and most practicable 
modes of obtaining, by experiment, the necessary informa- 
tion. 

The only poisons, however, that can be clearly and de- 
cisively detected by chemical means, are those of the mineral 
kingdom. Arsenic, and corrosive sublimate,* are most likely 
to be exhibited with the view of producing death; and lead 
and copper may be introduced undesignedly, in several ways, 
into our food and drink. The continued and unsuspected 
operation of the two last may often produce effects less sud- 
den and violent, but not Jess baneful to health and life, than 
the more active poisons; and their operation generally in- 
volves, in the pernicious consequences, a greater number of 
sufferers. 


* JT use the term arsenic, instead of the more proper one, arsenious acid; 
and corrosive sublimate, for bichloride or oxymuriate of mercury ; because 
the former terms are more generally understood. 
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Art. I.— Method of discovering Arsenic. 


When the cause of sudden death is believed, from the 
symptoms preceding it, to be the administration of arsenic, 
the contents of the stomach must be attentively examined. 
To effect this, let a ligature be made at each orifice, the 
stomach removed entirely from the body, and its whole con- 
tents washed out into an earthen or glass vessel. ‘The arsenic, 
on account of its greater specific gravity, will settle to the 
bottom, and may be obtained separate, after washing off the 
other substances by repeated affusions of cold water. These 
washings should not be thrown away, till the presence of arse- 
nic has been clearly ascertained. It may be expected at the 
bottom of the vessel in the form of a white powder, which 
must be carefully collected, dried on a filter, and submitted 
to experiment. 

(A) Boil a small portion of the powder with a few ounces 
of distilled water, in a clean Florence flask, and filter the 
solution. 

(B) To this solution add a portion of water, saturated 
with sulphureted hydrogen gas. If arsenic be present, a 
golden yellow sediment will fall down, which will appear 
sooner, if a few drops of acetic acid be added. 

(C) A similar effect is produced by the addition of sul- 
phuret of ammonia, or hydro-sulphuret of potassa.* 

It is necessary, however, to observe that these tests are de- 
composed not only by all metallic solutions, but by the mere 
addition of any acid. But among these precipitates, Dr. 
Bostock assures us, the greatest part are so obviously dif- 
ferent as not to afford a probability of being mistaken; the 
only two, which bear a close resemblance to it, are the preci- 
pitate from tartarized antimony, and that separated by an 
acid. In the latter, however, the sulphur preserves its pe- 
culiar yellow colour, while the arsenic presents a deep shade 
of orange; but no obvious circumstance of discrimination 
can be pointed out between the hydro-sulphurets of arsenic 


enn 
* See vol. i. page 370. 
+ Edinburgh Medical and Surgical Journal, v. 166. 
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and of antimony. Hence Dr. Bostock concludes that sul- 
phureted hydrogen and its compounds merit our confidence 
only as collateral tests. They discover arsenic with great 
delicacy: sixty grains of water, to which one grain only of 
liquid sulphuret (hydrogureted sulphuret ?) had been added, 
was almost instantly rendered completely opaque by ;\th of a 
grain of the white oxide of arsenic in solution. 

(D) To a little of the solution (A) add a single drop of a 
weak solution of subcarbonate of potassa, and afterward a few 
drops of a solution of sulphate of copper. The presence of 
arsenic will be manifested by a yellowish green precipitate. 
Or boil a portion of the suspected powder with a dilute so- 
lution of pure potassa, and with this precipitate the sulphate 
of copper, when a+similar appearance will ensue still more 
remarkably, if arsenic be present. The colour of this pre- 
cipitate is perfectly characteristic. It is that of the pigment 
called Scheele’s green.* To identify the arsenic with still 
greater certainty, it may be proper, at the time of making 
the experiments on a suspected substance, to perform similar 
ones, as a standard of comparison, on what is actually known 
to bearsenic. Let the colour, therefore, produced by adding 
an alkaline solution of the substance under examination, to a 
solution of sulphate of copper, be compared with that ob- 
tained by a similar admixture of a solution of copper with 
one of real arsenic in alkali. 

The proportions, in which the different ingredients are em- 
ployed, Dr. Bostock has found to have considerable influence 
on the distinct exhibition of the effect. Those, which he has 
observed to answer best, were one of arsenic, three of potassa 
(probably the sub-carbonate or common salt of tartar), and 
five of sulphate of copper. For instance, a solution of one 
grain of arsenic, and three grains of potassa, in two drachms 
of water, being mingled with another solution of five grains of 
sulphate of copper in the same quantity of water, the whole 
was converted into a beautiful grass green, from which a co- 
pious precipitate of the same hue slowly subsided, leaving the 
supernatant liquor transparent and nearly colourless. ‘The 


* See chap. ix. sect. 19. 
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same materials, except with the omission of the arsenic, being 
employed in the same manner, a delicate sky-blue resulted, 
so different from the former, as not to admit of the possibility 
of mistake. In this way, th of a grain of arsenic, diffused 
through sixty grains of water, afforded, by the addition of 
sulphate of copper and potassa in proper proportions, a dis- 
tinct precipitate of Scheele’s green. In employing this test, 
it is necessary to view the fluid by reflected and not by trans- 
mitted light, and to make the examination by day-light. ‘To 
render the effect more apparent, a sheet of white paper may 
be placed behind the glass in which the mixed fluids are con- 
tained ;* or the precipitation may be effected by mixing the 
fluids on a piece of writing paper. 

(E) The sediments, produced by any of the foregoing ex- 
periments, may be collected, dried, and laid on red-hot char- 
coal. A smell of sulphur will first arise, and will be followed 
by that of garlic. 

(F) A process for detecting arsenic has been proposed by 
Mr. Hume, of London, in the Philosophical Magazine for 
May, 1809, vol. xxxiii. The test, which he has suggested, is 
the fused nitrate of silver or lunar caustic, which he employs 
in the following manner: + 

Into a clean Florence oil flask, introduce two or three 
grains of any powder suspected to be arsenic; add not less 
than eight ounce-measures of either rain or distilled water ; 
and heat this gradually over a lamp or a clear coal fire, till the 
solution begins to boil. Then, while it boils, frequently shake 
the flask, which may be readily done by wrapping a piece of 
leather round its neck, or putting a glove upon the hand. 
To the hot solution, add a grain or two of sub-carbonate of 
potassa or soda, agitating the whole to make the mixture uni- 
form. 

In the next place, pour into an ounce phial or a small 
wine glass about two table spoonfuls of this solution, and pre- 
sent, to the mere surface of the fluid, a stick of dry nitrate of 
silver or lunar caustic. If there be any arsenic present, a 
beautiful yellow precipitate will instantly appear, which will 


* Lib. citat. p. 170. 
¢ London Medical and Physical Journal, xxiii, 448. 
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proceed from the point of contact of the nitrate with the fluid; 
and settle towards the bottom of the vessel as a flocculent and 
copious precipitate. 

The nitrate of silver, Mr. Hume finds, also, acts very sen- 
sibly upon arsenate of potassa, and decidedly distinguishes this 
salt from the above solution or arsenite of potassa; the colour 
of the precipitate, occasioned by the arsenaie, being much 
darker and more inclined to brick-red. In both eases, he is 
of opinion that the test of nitrate of silver is greatly superior 
to that of sulphate of copper; inasmuch as it produces a much 
more copious precipitate, when equal quantities are submitted 
to experiment. The tests he recommends to be employed in 
their dry state, in preference to that of solution; and that the 
piece of salt be held on the surface only. 

A modified application of this test has since been proposed 
by Dr. Marcet, whose directions are as follow. Let the fluid, 
suspected to contain arsenic, be filtered; let the end of a 
glass rod, wetted with a solution of pure ammonia, be brought 
into contact with this fluid, and let the end of a clean rod, 
similarly wetted with solution of nitrate of silver, be immersed 
in the mixture. Ifthe minutest quantity of arsenic be pre- 
sent, a precipitate of a bright yellow colour inclining to orange 
will appear at the point of contact, and will readily subside to 
the bottom of the vessel. As this precipitate is soluble in 
ammonia, the greatest care is necessary not to add an excess 
of that alkali. The acid of arsenic, with the same test, affords 
a brick-red precipitate.*—Mr. Hume, it may be added, now 
prepares his test by dissolving a few grains, say ten, of lunar 
caustic in nine or ten times its weight of distilled water; prc- 
cipitating by liquid ammonia; and adding cautiously, and by 
a few drops at once, liquid ammonia, till the precipitate is re- 
dissolved, and no longer. ‘To obviate the possibility of any 
excess of ammonia, a small quantity of the precipitate may be 
left undissolved. To apply this test, nothing more is required 
than to dip a rod of glass into this liquor, and then touch 
with it the surface of a solution supposed to contain arsenics 
which will be indicated by a yellow precipitate. 


rd de ee 


* Med. Chir, Trans, 11. 156. 
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Mr. Sylvester has objected to this test, that it will not pro- 
duce the expected appearance, when common salt is present. 
He has, therefore, proposed the red acetate of iron as a better 
test of arsenic, with which it forms a bright yellow deposit ; 
or the acetate of copper, which affords a green precipitate. 
Of the two, he recommends the latter in preference, but ad- 
vises that both should be resorted to in doubtful cases.* Dr. 
Marcet, however, has replied, that the objection arising from 
the presence of common salt is easily obviated ; for if a little 
diluted nitric acid be added to the suspected liquid, and then 
nitrate of silver very cautiously till the precipitate ceases, the 
muriatic acid will be removed, but the arsenic will remain in 
solution, and the addition of ammonia will produce the yellow 
precipitate in its characteristic form. It is scarcely necessary 
to add that the quantity of ammonia must be sufficient to 
saturate any excess of nitric acid which the fluid may con- 
tain. + 

A more important objection to nitrate of silver as a test of 
arsenic is, that it affords, with the alkaline phosphates, a pre- 
cipitate of phosphate of silver, scarcely distinguishable by its 
colour from the arseniate of that metal.¢ In answer to this, 
it is alleged by Mr. Hume,§ that the arsenite of silver may 
be discriminated by a curdy or flocculent figure, resembling 
that of fresh precipitated muriate of silver, except that its 
colour is yellow; while the phosphate is smooth and homo- 
geneous. ‘The better to discriminate these two arsenites, he 
advises two parallel experiments to be made, upon separate 
pieces of clean writing paper, spreading on the one a little of 
the fresh prepared arsenite, and on the other a little of the 
phosphate. When these are suffered to dry, the phosphate 
will gradually assume a black colour, or nearly so, while the 
arsenite will pass from its original vivid yellow to an 1 Indian 
yellow, or nearly a fawn veliona : 

Dr. Paris conducts the trial in the following manner: drop 
the suspected fluid on a piece of white paper, making with it 
a broad line; along this line a stick of lunar caustic is to be 


* 33 Nich. Journ. 306. ¢ Phil. Mag. xli. 124. 
¢ Thomson's Annals, vill. 152. § Med. and Phys. Journ. Jan, 1818. 
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slowly drawn several times successively, when a streak will 
appear of the colour resembling that known by the name of 
Indian yellow. This is equally produced by arsenic and by 
an alkaline phosphate, but the one from arsenic is rough, 
curdy, and flocculent, like that from a crayon; that from a 
phosphate is homogeneous and uniform, resembling a water 
colour laid smoothly on with a brush. But a more important 
and distinctive peculiarity soon succeeds; for in less than two 
minutes the phosphoric yellow fades into a sad green, and be- 
comes gradually darker, and ultimately quite black, while on 
the other hand the arsenic yellow continues permanent, or 
nearly so, for some time, and then becomes brown. In per- 
forming this experiment, the sunshine should be avoided, or 
the change of colour will take place too rapidly. (Ann. of 
Phil. x. 60.) The author of the London Dispensatory adds, 
that the test is improved by brushing the streak lightly over 
with liquid ammonia immediately after the application of the 
caustic, when, if arsenic be present, a bright queen’s yellow is 
produced, which remains permanent for nearly an hour; but 
that when lunar caustic produces a while yellow before the 
ammonia is applied, we may infer the presence of some alka- 
line phosphate rather than of arsenic. 

(G) Mr. Smithson proposes to fuse any powder suspected 
to contain arsenic with nitre; this produces arseniate of po- 
tassa, of which the solution affords a brick red precipitate 
with nitrate of silver. In cases where any sensible portion of 
the alkali of the nitre has been set free, it must be saturated 
with acetous acid, and the saline mixture dried and re-dissolved 
in water. So small is the quantity of arsenic required for this 
mode of trial, that a drop of solution of oxide of arsenic in 
water (which at 54° Fahr. may be estimated to contain ,th 
its weight of the oxide), mixed with a little nitrate of potassa, 
and fused in a platinum spoon, affords a very sensible quan- 
tity of arseniate of silver. (Ann. of Phil. N. S. iv. 127.) 

(H) Dr. Cooper, President of Columbia College, finds a 
solution of chromate of potassa to be one of the best tests of 
arsenic. One drop is turned green by the fourth ofa grain 
of arsenic, by two or three drops of Fowler’s mineral solution, 
or any other arsenite of potassa. The arsenious acid takes 
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oxygen from the chromic, which is converted into oxide of 
chrome. To exhibit the effect, take five watch glasses; put 
on one, two, or three drops of a watery solution of white ar- 
senic; on the second, as much arsenite of potassa; on the 
third, one fourth of a grain of white arsenic in substance; on 
the fourth, two or three drops of solution of corrosive subli- 
mate; on the fifth, two or three drops of a solution of copper. . 
Add to each three or four drops of a solution of chromate of 
potassa. In halfan hour a bright clear grass green colour 
will appear in numbers 1, 2, 3, unchangeable by ammonia: 
number 4 will instantly exhibit an orange precipitate ; and 
number 5 a green, which a drop of ammonia will instantly 
change to blue. (Silliman’s American Journal, iii.) 

(1) But the most decisive mode of determining the pre- 
sence of arsenic (which, though not absolutely indispensable, 
should always be resorted to, when the suspected substance 
can be obtained in sufficient quantity), is by reducing it to a 
metallic state; for its characters are then clear and unequi- 
vocal. For this purpose, let a portion of the white sediment, 
collected from the contents of the stomach, be dried and mixed 
with three times its weight of black flux (see p. 559); or if” 
this cannot be procured, with two parts of very dry carbonate 
of potassa (the salt of tartar of the shops), and one of pow- 
dered charcoal. Dr. Bostock finds that for this mixture, we 
may advantageously substitute one composed of half a grain 
of charcoal, and two drops of oil, to a grain of the sediment: 
Procure a tube eight or nine inches long, and one fourth or 
one sixth of an inch in diameter, of thin glass, sealed herme- 
tically at one end. Then put into the tube the mixture of 
the powder and its flux, and if any should adhere to the inner 
surface, let it be wiped off by a feather, so that the inside 
of all the upper part of the tube may be quite clean and 
dry. Stop the end of the tube loosely, with a little paper, and 
heat the sealed end only, on a-chafing-dish of red-hot coalss 
taking care to avoid breathing the fumes. The arsenic, if 
present, will rise to the upper part of the tube, on the inner 
surface of which it will form a thin brilliant coating. Break 
the tube, and scrape off the reduced metal. Lay a little on a 
heated iron, when, if it be arsenic, a dense smoke will arise, 
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and a strong smell of garlic will be perceived. The arsenic 
may be farther identified, by putting a small quantity between 
two polished plates of copper, surrounding it by powdered 
charcoal, to prevent its escape, binding these tightly together 
by iron wire, and exposing them to a low red heat. If the 
included substance be arsenic, a white stain will be left on the 
copper. 

(KC) It may be proper to observe, that neither the stain on 
copper, nor the odour of garlic, is produced by the white 
‘oxide of arsenic, when heated without the addition of some 
inflammable ingredient. The absence of arsenic must not, 
therefore, be inferred, if no smell should be occasioned by 
laying the white powder on a heated iron. 

Dr. Black ascertained, that all the necessary experimerits, 
for the detection of arsenic, may be made on a single grain of 
the white oxide; this small quantity having produced, when 
‘heated in a tube with its proper flux, as much of the metal as 
clearly established its presence. 

If the quantity of arsenic in the stomach should be so 
‘small, which is not very probable, as to occasion death, and 
yet to remain suspended in the washings, the whole con- 
tents, and the water employed to wash them, must be fil- 
tered, and the clear liquor assayed for arsenic by the tests 
(B), (C), (D), and (i). 

In this case it is necessary to be careful that the colour of 
the precipitate is not modified by that of the liquid found in 
the stomach. If this be yellow, the precipitate by sulphate 
of copper and carbonate of potassa, will appear green, even 
‘though no arsenic be present; but on leaving it to settle, de- 
canting off the fluid, and replacing it with water, it will evi- 
dently be blue without any tinge of green, being no longer 
seen through a yellow medium. (Dr. Paris.) 

The liquid contents of the stomach may also be evaporated 
to dryness below 250° Fahr. and the dry mass be exposed to 
heat at the bottom of a Florence flask, to sublime the arsenic. 
If dissolved in an oily fluid, Dr. Ure proposes to boil the 
solution with distilled water, and afterwards to separate the 
oil by the capillary action of wick threads. The watery fluid 
‘may then be subjected to the usual tests. 
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In an investigation, the event of which is to affect the life 
of an accused person, it is the duty of every.one who may 
prepare himself to give evidence, not to rest satisfied with the 
appearances produced by any one test of arsenic; but to ren- 
der its presence quite unequivocal by the concurring resuits of 
several, — - | 


Ant. II.— Discovery of Corrosive Sublimate, Baryta, &c. 


Corrosive sublimate (the bi-chloride or oxy-muriate of mer- 
cury), next to arsenic, is the most virulent of the metallic 
poisons. It may be collected by treating the contents of the 
stomach in the manner already described; but as it is more 
soluble than arsenic, viz. in about 19 times its weight of water, 
no more water must be employed than is barely sufficient, and 
the washings must be carefully preserved for examination. 

If a powder should be collected, by this operation, which 
proves, on examination, not to be arsenic, it may be known 
to be corrosive sublimate by the following characters : 

(A) Expose a small quantity of it, without any admixture, 
to heat in a coated glass tube, as directed in the treatment of 
arsenic. Corrosive sublimate will be ascertained by its rising 
to the top of the tube, lining the inner surface in the form of a 
shining white crust. 

(B) Dissolve another portion in distilled water; and it may 
be proper to observe how much of the salt the water is capa- 
ble of taking up. 

(C) To the watery solution add a little lime-water. A pre- 
cipitate of an orange yellow colour will instantly appear. 

(D) To another portion of the solution add a single drop 
of a dilute solution of sub-carbonate of potassa (salt of tartar), 
A white precipitate will appear; but, on a still farther addition 
of alkali, an orange-coloured sediment will be formed. 

(E) The carbonate of soda has similar effects. 

(I*) Sulphureted water throws down a dark-coloured sedi- 
ment, which, when dried and strongly heated, is wholly vola- 
tilized, without any odour of garlic. 

For the detection of corrosive sublimate, Mr. Sylvester has 
recommended the application of galvanism, which exhibits the 
mercury in a metallic state. A piece of zinc wire, or if that 
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cannot be had, of iron wire about three inches long, is to be 
twice bent at right angles so as to resemble the Gr aul letter IT 
The two legs of this figure should be distant about the dia- 
meter of a common gold wedding-ring from cach other, and 
the two ends of the bent wire must afterwards be tied to a 
ring of this description. Let a plate of glass, not less than 
three inches square, be laid as nearly horizontal as possible, 
and on one side, drop some sulphuric acid, diluted with 
about six times its weight of water, till it spreads to the size 
ofa halfpenny. At a little distance from this, towards the 
other side, next drop some of the solution supposed to con- 
tain corrosive sublimate, till the edges of the two liquids join 
together ; and let the wire and ring prepared as above be laid 
in such a way that the wire may touch the acid, while the gold 
ring is in contact with the suspected liquid. If the minutest 
quantity of corrosive sublimate be present, the ring in a few 
minutes will be covered with mercury on the part which 
touched the fluid. 

Mr. Smithson remarks, that all the oxides and saline com- 
pounds of mercury, if laid in a drop of marine acid on gold, 
with a bit of tin, quickly amalgamate the gold. In this way, 
a very minute quantity of corrosive aR ies or a drop of 
its solution may be tried, and no addition of muriatic acid is 
then required. Quantities of mercury may thus be rendered 
evident, which could not be so by any other means. Even 
the mercury of cinnabar may be exhibited; but it must pre- 
viously be boiled with a little sulphuric acid in a platinum 
spoon, to convert it into sulphate. An exceedingly minute 
quantity of metallic mercury in any powder may be disco- 
vered by placing it in nitric acid on gold, drying, and adding 
muriatic acid and tin. 

The only mineral poison of great virulence that has not 
been mentioned, and which, from its being little known to 
act as such, it is very improbable we should meet with, is the 
carbonate of baryta. This, in the country where it is found, 
is employed as a poison for rats, and there can be no doubt 
would be equally destructive to human life. It may be dis- 
covered by dissolving it in muriatic acid, and by the insolu- 
bility of the precipitate which this solution yields on adding 
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sulphuric acid, or sulphate of soda. Soluble barytic salts, if 
these have been the means of poison, will be contained in the 
water employed to wash the contents of the stomach, and will 
be detected, on adding sulphuric acid, by a ¢opious precipitate: 

It may be proper to observe, that the failure of attempts to 
discover poisonous substances in the alimentary canal after 
death, is by no means a sufficient proof that death has not 
been occasioned by poison. For it has been clearly esta- 
blished, by experiments made on animals, that a poison may 
be so completely evacuated, that no traces of it shall be found, 
and yet that death may ensue from the morbid changes which 
it has occasioned in the alimentary canal, or in the general 
system. 


Arr. IfI.—Method of detecting Copper or Lead. 


Copper and lead sometimes gain admission into articles of 
food, in consequence of the employment of kitchen utensils 
of these materials. 

I. If copper be suspected in any liquor, its presence will 
‘be ascertained by adding a solution of pure ammonia, which 
will strike a beautiful blue colour. If the solution be very 
dilute, it may be concentrated by evaporation; and if the 
liquor contain a considerable excess of acid, like that used 
to preserve pickles, as much of the alkali must be added as 
is more than sufficient to saturate the acid. In this, and all 
other experiments of the same kind, the fluid should be viewed 
by reflected, and not by transmitted light. 

If into a newly prepared tincture of guaiacum wood we 
drop a concentrated solution of a salt of copper, the mixture 
instantly assumes a blue colour. This effect does not take place 
when the solution is very weak, for example, when there is not 
above haifa grain of the salt to an ounce of water; but then, 
by the addition of a few drops of prussic acid, the blue colour 
is instantly developed of great purity and intensity. ‘This 
colour is not permanent, but soon passes to a green, and at 
Jength totally disappears. For want of prussic acid, distilled 
Jaurel water may be employed. ‘The test produces its effect, 
even when the proportion of the salt of copper to the water 
does not exceed 1-45000th. In this minute proportion no 
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other test, whether the prussiate of potassa, soda, or ammonia, 
gives the least indication of copper. (Quart. Journ, x. 182.) . 

II, Leap is occasionally found, in sufficient quantity to be 
injurious to health, in water that has passed through leaden 
pipes or been kept in leaden vessels, and sometimes even in 
pump-water, in consequence of that metal having been used 
in the construction of the pump. Acetate of lead has also 
been known to be fraudulently added to bad wines, with the 
view of concealing their defects. 

Lead may be discovered by adding, to a portion of the 
suspected water, about half its bulk of water impregnated 
with sulphureted hydrogen gas. If lead be present, it will 
be manifested by a dark brown, or blackish, tinge. This test — 
is so delicate, that water condensed by the leaden worm of a 
still-tub, is sensibly affected by it. Lead is also detected by a 
similar effect ensuing on the addition of sulphuret of am- 
monia, or potassa. 

The adequacy of this method, however, to the discovery 
of very minute quantities of lead, has been set aside by the 
experiments of Dr. Lambe,* the author of a skilful analysis 
of the springs of Leamington Priors, near Warwick. By 
new methods of examination, he has detected the presence of 
lead in several spring-waters, that manifest no change on the 
addition of the sulphureted test; and has found that metal 
in the precipitate, separated from such waters by the carbonate 
of potassa or of soda. In operating on these waters, Dr. 
Lambe noticed the following appearances: 

(a) The test forms sometimes a dark cloud, with the pre- 
cipitate effected by alkalis, which has been re-dissolved in 
nitric acid. 

(b) Though it forms, in other cases, no cloud, the precipi- 
tate itself becomes darkened by the sulphureted test. 

(c) The test forms a white cloud, treated with the precipi- 
tate as in (a). ‘These two appearances may be united. 

(d) The test neither forms a cloud, nor darkens the pre- 
cipitate. 


* See his “ Researches into the Properties of Spring Water.” 8yo,. 
London. Johnson, 1803, 
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(e) In the cases (6), (c), (d), heat the precipitate, in con- 
tact with an alkaline carbonate, to redness; dissolve out the 
carbonate by water; and treat the precipitate as in (a). 
The sulphureted test then forms a dark cloud with the so- 
lution of the precipitate. In these experiments, it is essential 
that the acid, used to re-dissolve the precipitate, shall not be 
in excess; and if it should so happen, that excess must be sa- 
turated before the test is applied. It is better to use so little 
acid, that some of the precipitate may remain undissolved. 

(f) Instead of the process (¢) the precipitate may be ex- 
posed without addition, to a red heat, and then treated as 
in (a). In'this case, the test will detect the metallic matter ; 
but with less certainty than the foregoing one. 

The nitric acid, used in these experiments, should be per- 
fectly pure; and the test should be recently prepared by sa- 
turating water with sulphureted hydrogen gas. A few drops 
of nitric acid added toa water containing lead, which has 
been reduced to 1-8th or 1-10th its bulk by evaporation, and 
then followed by the addition ef a few drops of hydriodate of 
potassa, produces a yellow insoluble precipitate. 

Another mode of analysis, employed by Dr. Lambe, con- 
sists in precipitating the lead by solution of common salt; but 
as muriate of lead is partly soluble in water, this test cannot be 
applied to small portions of suspected water. ‘The precipitate 
must be, therefore, collected, from two or three gallons, and 
heated to redness with twice its weight of carbonate of soda. 
Dissolve out the soda; add nitric acid, saturating any super- 
fluity; and then apply the sulphureted test. Sulphate of 
soda would be found more effectual in this process than the 
muriate, on account of the greater insolubility of sulphate of 
lead. This property, indeed, renders sulphate of soda an ex- 
cellent test of the presence of lead, when held in solution by 
acids, for it throws down that metal, even when present in very 
small quantity, in the form of a heavy white precipitate, which 
is not soluble by acetic acid. 

The third process, which is the most satisfactory of all, 
and is very easy, except for the trouble of collecting a large 
quantity of precipitate, is the actual reduction of the metal, 
and its exhibition in a separate form. The precipitate may 
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be mixed with its own weight of alkaline carbonate, and ex- 
posed either with or without the addition of a small propor- 
tion of charcoal, to a heat sufficient to melt the alkali. On 
breaking the crucible, a small globule of lead will be found 
reduced at the bottom. ‘The precipitate from about fifty 
gallons of water yielded Dr. Lambe, in one instance, about 
two grains of lead. 


For discovering the presence of lead in wines, a test in- 
vented by Dr. Hahnemann, and known by the title of Hah- 
nemann’s wine-test, may be employed. ‘This test is prepared 
by putting together, into a small phial, sixteen grains of sul- 
phuret of lime, prepared in the dry way (by exposing to a red 
heat, in a covered crucible, equal weights of powdered lime 
and sulphur, accurately mixed), and 20 grains of bitartrate of 
potassa (cream of tartar). The phial is to be filled with water, 
well corked, and occasionally shaken for the space of ten 
minutes. When the powder has subsided, decant the clear 
liquor, and preserve it, in a well-stopped bottle, for use. The 
liquor, when fresh prepared, discovers lead by a dark coloured 
precipitate. <A farther proof of the presence of lead in wines 
is the occurrence of a precipitate on adding a solution of the 
sulphate of soda. 

Mr. Sylvester has proposed the gallic acid as an excellent 
test of the presence of lead.* 

The quantity of lead, which has been detected in sophis- 
ticated wine, may be estimated at forty grains of the metal in 
every fifty gallons. 

When a considerable quantity of acetate of lead has been 
taken into the stomach (as sometimes, owing to its sweet 
taste, happens to children), after the exhibition of an active 
emetic, the hydro-sulphuret of potassa cr of ammonia may be 
given; or probably a solution of sulphate of soda (Glauber’s 
salt) would render it innoxious. 


* 33 Nicholson’s Journal, 310. | t+ Lambe, page 175. 
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SECTION II. 


RULES FOR ASCERTAINING THE PURITY OF CHEMICAL PRE- 
PARATIONS, EMPLOYED FOR THE PURPOSES OF MEDICINE, 
AND FOR OTHER USES. 


I.—-Sulphuric Acid,—-Acidum Sulphuricum of the London 
Pharmacopeeia,—Oil of Vitriol. 


Tue specific gravity of sulphuric acid should be 1.8485, at 
60° Fahr.; when stronger, there is reason to suspect the pre- 
sence of sulphate of lead, or of other impurities. It should 
remain perfectly transparent when diluted with distilled 
water. Ifa sediment occur, on dilution, it is a proof of the 
presence of sulphate of lead. 

Iron may be detected in sulphuric acid, by a little under- 
saturating a portion of the diluted acid with pure carbonate 
of soda, and adding prussiate of potassa, which will manifest 
the presence of iron by a prussian blue precipitate; or it will 
be discovered by a purplish or blackish tinge, on the addition 
of tincture of galls to a similarly sub-saturated portion. 
Copper may be discovered, by pure solution of ammonia, 
which turns it blue; and lead may be detected by the sul+ 
phuret of ammonia, which causes a black precipitate. The 
latter metal, however, is for the most part thrown down on 
dilution, in combination with sulphuric acid. 

Sulphate of potassa or of soda may be found by saturating 
the diluted acid with ammonia, evaporating to dryness, and 
applying a pretty strong heat. The sulphate of ammonia 
will escape, and that of potassa or of soda will remain, and 
may be distinguished by its solubility and other characters.* 


Il.—Nitric and Nitrous Acids;—Acidum Nitricum, P. L.— 
Aqua Fortis. 
The nitric acid should be perfectly colourless, and as limpid 


as water. It should be preserved in a dark place, to prevent 
its conversion into the nitrous kind. 


* See vol. 1. p. 529, €47. 
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These acids are most likely to be adulterated with sulphuric 
and muriatic acids. The sulphuric acid may be discovered 
by adding to a portion of the acid, largely diluted, nitrated or 
muriated baryta, which will occasion, with sulphuric acid, a 
white and insoluble precipitate. The muriatic acid may be 
ascertained by nitrate of silver, which affords a sediment, at 
first white, but which becomes coloured by exposure to the 
direct light of thesun. Both these acids, however, may be 
present at once; and, in this case, it will be necessary to add 
a solution of nitrate of baryta as long as any precipitate falls, 
which will separate the sulphuric acid. Let the sediment sub- 
side, decant the clear liquor, and add the nitrate of silver. If 
a precipitate appear, muriatic acid may be inferred to be pre- 
sent also. Muriatic acid may also be detected by adding a 
solution of sulphate of silver. 

These acids in their most concentrated state should have 
the specific gravity of 1.500; but they are seldom found so 
heavy. 


IIL. —<-Muriatic Acid,—Acidum Muriaticum, P, L.—Spirit 
of Salt. 


This acid generally contains iron, which may be known by 
its yellow colour; the pure acid being perfectly colourless. 
Tron may also be detected by the same mode as was recom- 
mended in examining sulphuric acid. 

Sulphuric acid is discoverable by a precipitation, on adding, 
to a portion of the acid, diluted with five or six parts of pur 
water, a solution of the muriate of baryta. 

The specific gravity of this acid should be 1.170. That of 
commerce is generally from 1.156 to 1.160; and the latter 
number denotes the strength of acid prepared according to 
the London Pharmacopceia. It is as strong as it can be kept 
without emitting troublesome fumes. 


—1V.—Acetic Acid,—Acidum Aceticum,—Radical or Concen- 
trated Vinegar. 


This acid is often contaminated by sulphurous and sulphuric 
acid. The first may be known by drawing a little of the vapour 
into the lungs, when, if the acid be pure, no unpleasant sen- 

VoL. II. } QP 
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sation will be felt; but, if sulphurous acid be contained in the 
acetic, it will not fail to be discovered by a sensation resem- 
bling that produced by breathing the fumes of burning sul- 
phur. The sulphuric acid is detected by muriated baryta ; 
copper, by supersaturation with pure ammonia; and lead, by 
sulphuret of ammonia. 

The specific gravity of this acid should be 1.060 at {caret 
but, as I have already stated, its acidity does not keep pace 
with its density. 


V.— Acetous ak ae Aceticum, P, L.—Distilled 


Vinegar. 


If vinegar be distilled in copper vessels, it can hardly fail of 
being contaminated by that metal; and, if a leaden worm be 
used for its condensation, some portion of lead will certainly 
be dissolved. The former metal will appear on adding an 
excess of solution of pure ammonia; and lead will be detected 
by sulphureted ammonia, or by water saturated with sul- 
phureted hydrogen. (See the preceding chapter.) The 
strength of distilled vinegar ought, according to Mr. R. Phil- 
lips, to be such, that a " Aaiceonce doutt decompose 13.8 
grains of carbonate of lime. 

It is not unusual, in order to increase the pal taste of 
vinegar, to add sulphuric acid. This acid may be immediately 
discovered by solutions of baryta, which, when vinegar has 
been thus adulterated, throw down a white precipitate. Mu- 
riatic acid is discoverable by nitrate of silver. 


VI.—Boracic Acid,—Sedative Salt of Homberg. 


Genuine boracic acid should totally dissolve in five times 
its weight of boiling alcohol; and the solution, when set on 
fire, should emit a green flame. ‘The best boracic acid forms 
small hexangular scaly crystals of a shining silvery white 
colour. Its specific gravity is 1.480. 


VII.—Tartaric Acid. 


This acid often contains sulphuric acid; to discover which, 
Jet a portion be dissolved in water, and a solution of acetate 
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of lead be added. “A precipitate will appear, which, if the 
acid be pure, is entirely re-dissolved by a few drops of pure 
nitric acid, or by a little pure acetic acid. If any portion 
remain undissolved, sulphuric acid is the cause. Muriate of 
baryta, also, when the acid is adulterated with sulphuric 
acid, but not otherwise, gives a precipitate insoluble by an 

excess of pure muriatic acid. 


VIII.—Acid of Amber. 


Acid of amber is adulterated, sometimes with sulphuric 
acid and its combinations; sometimes with tartaric acid; and 
at others with muriate of ammonia. 

Sulphuric acid is detected by solutions of baryta; tartaric 
acid by the cautious addition of carbonate of potassa, which 
forms a difficultly soluble bi-tartrate; and muriate of ammonia 
by nitrate of silver, which discovers the acid, and by a solu- 
tion of pure potassa, which excites a strong smell of am- 
monia. 

Pure acid of amber is a crystalline white salt of an acid taste, 
soluble in twenty-four parts of cold or eight of hot water, and 
is volatilized, when laid on red-hot iron, without leaving any 
ashes or other residue. 


IX.—Acid of Benzoin,x—Acidum Benzoicum, P. L. 


This acid is not very liable to adulteration. The best has 
a brilliant white colour and a peculiarly grateful smell. It is 
soluble in a large quantity of boiling water or alcohol, and 
leaves no residue when placed on a heated iron. 


X,—Sul-carbonate of Potassa, (Strictly the Carbonate),— 
Potasse Sulbcarbonas, P. L. 


The salt of tartar of the shops generally contains sulphate 
and muriate of potassa, and siliceous and calcareous earths. 
It should dissolve entirely, if pure, in twice its weight of 
cold water; and any thing that remains undissolved may be 
regarded as an impurity. Sometimes one-fourth of foreign 
mixtures may thus be detected, the greater part of which is 
sulphate of potassa. ‘To ascertain the nature of the adultera- 

2P2 
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tion, boil in distilled water the residue left by cold water ; and 
decant the solution. Then dissolve a portion of the sediment 
(if any) in pure and diluted nitric acid: the siliceous earth 
only will remain undissolved. Add, to one part of the solution 
by hot water, nitrate of baryta; this will detect sulphate of 
potassa by a copious precipitate. To another portion add 
nitrate of silver, which will discover muriatic salts; and, to 
a little of the solution by muriatic acid, add oxalate or fluate 
of ammonia, which will detect carbonate of lime. 

The solution of sub-carbonate of potassa (liquor polassee 
subcarbonatis, P. L.) may be examined in a similar manner. 


X1L.—Solution of pure Potassa,—Liquor Potasse, P. L. 


This may be assayed, for sulphuric and muriatic salts, by 
saturation with nitric acid, and by the tests recommended in 
speaking of carbonate of potassa. A perfectly pure solution 
of potassa should remain transparent on the addition of barytic 
water. Ifa precipitate should ensue, soluble with. effer- 
vescence in dilute muriatic acid, it is owing to the presence 
of carbonic acid: if the precipitate is not soluble, it indicates 
sulphuric acid. ‘The presence of carbonic acid is also shown 
by an effervescence, on adding diluted sulphuric acid, and an 
excess of lime by a white precipitate, on blowing air from the 
lungs, through the solution, by means of a tobacco-pipe, or a 
glass tube. — 

This solution should be of such a strength, as that an exact 
wine-pint may weigh 18 ounces troy. 


XII.—Sub-carbonate of Soda, (Strictly Carbonate of Soda),— 
Sode Subcarbonas, P. L. 


Carbonate of soda is scarcely ever found free from muriate 
and sulphate of soda. ‘These may be discovered by adding, 
to a little of the carbonate saturated with pure nitric acid, 
first nitrate of baryta, to detect sulphuric acid, and afterward 
adding to the filtered liquor a few drops of solution of nitrate 
of silver, to ascertain the presence of muriatic acid; or the 
Jatter impurity will be indicated at once by a solution of sul- 
phate of silver, Carbonate of potassa will be shown by a pre- 
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cipitate ensuing on the addition of tartaric acid to a strong 
solution of the alkali; for, this acid forms a difficultly soluble 
salt with potassa, but not with soda. 


XITI.—Solution of Carbonate of Ammonia, 
Carbonatis, P. L. 


Liquor Ammonie 


This should have the specific gravity of 1.150; should 
effervesce on the addition of acids; and should afford a strong 
coagulum on adding alcohol. 


X1IV.—Carbonate of Ammonia,—Ammonie Carbonas, P. I. 


This salt should be entirely volatilized by heat. If any 
thing remain, when it is laid on a heated iron, carbonate of 
potassa or of lime may be suspected; and these impurities 
are most likely to be present if the carbonate of ammonia be 
purchased in the form of a powder. It should therefore always 
be bought in solid lumps. Sulphuric and muriatic salts, lime, 
and iron, may be discovered by adding to the alkali, saturated 
with nitric acid, the appropriate tests already often mentioned, 
Tt is liable also to be unintentionally contaminated with oily 
or carbonaceous matter. (Edin. Phil. Journ. vii. $02, n.) 


XV.—Solution of pure Ammonia in Water,—Liquor 
lmmonie, P. L.—Strong Spirit of Sal Ammoniac. 


The volatile alkali, in its purest state, exists as a gas con- 
densible by water, and its solution in water is the only form 
under which it is applicable to useful purposes. ‘This solution 
should contain nothing besides the volatile alkali; the alkali 
should be perfectly free from carbonic acid, and should be 
combined with water in the greatest possible proportion. The 
presence of other salts may be discovered by saturating a por- 
tion of the solution with pure nitric acid, and adding the tests 
for sulphuric and muriatic acids. Carbonic acid is shown by 
a precipitation on mixing the solution with one of muriate of 
lime; for this earthy salt is not precipitated by pure ammonia, 
The experiment should be made in a closed vial; for the vo- 
latile alkali, by exposure to the air, quickly gains carbonic acid 
enough to become a precipitant of calcareous solutions. ‘The 
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best mode of determining the strength of the solution is by 
taking its specific gravity, which, at 60° Fahrenheit, should 
be as .900, or thereabouts, to 1.000. ‘That of the London 
Pharmacopeeia (edit. 1815) has the specific gravity of 0.960 ; 
and is, therefore, very much short of the full strength. 


XVI.—Spirit of Hartshorn. 

This may be counterfeited by mixing the aqua ammonic 
pure with the distilled spirit of hartshorn, in order to increase 
the pungency of its smell, and to enable it to bear an addition 
of water. The fraud is detected by adding alcohol to the 
sophisticated spirit; for, if no considerable coagulation ensues, 
the adulteration is proved. It may also be discovered by the 
usual effervescence not ensuing with acids. ‘The solution 

should have the specific gravity of 1.500. 


XVII.—Sulphate of Soda,—Sode Sulphas, P. L.— 
Glauber’s Salt. 


This salt ought not to contain an excess of either acid or 
alkali, both of which may be detected by the proper tests. 
Nor should it be mixed with earthy or metallic salts, the 
former of which are detected by carbonate, and the latter by 
prussiate of potassa. Muriate of soda is discovered by adding 
nitrate of baryta till the precipitate ceases, and afterwards 
nitrate of silver, or more simply by a solution of sulphate of 
silver. Sulphate of potassa is discovered by its more sparing 
solubility. The sulphate of soda, however, being itself one of 
the cheapest salts, there is little risk of its being intentionally 
sophisticated. 


XVIII.— Sulphate of Potassa,—Potasse Sulphas, P. L.— 
Vitriolated Tartar. 


The purity of this salt may be ascertained by the same 
means as that of the former one. The little value of this salt 
renders it pretty secure from wilful adulteration. 


XIX.—Nitrate of Potassa,—Potasse Nitrus, P. L.— 
Nitre or Salt Petre. 


Nitrate of potassa is, with great difficulty, freed entirely from 
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common salt; and a small portion of the latter, except for 
nice chemical purposes, is an admixture of little importance. 
To discover its presence, a solution of nitrate of silver must 
be added as long as any sediment is produced. The precipi- 
tate, washed and dried, must be weighed. Every hundred 
grains will denote about 424 of common salt. 

Sulphate of potassa or soda may be discovered by nitrate or 
muriate of baryta, and the quantity may be estimated from 
the weight of the precipitate. | 


XX.—Muriate of Soda,—Common Salt. 


Common salt is scarcely ever found free from salts with 
earthy bases, chiefly muriates of magnesia and lime, which 
are contained in the brine, and adhere to the crystals. ‘The 
earths may be precipitated by carbonate of soda, and the pre- 
cipitated lime and magnesia may be separated from each other 
by the rules given in page 532. | 


XXI.—Muriate of Ammonia,—Ammonie Murias, P. L.— 
Sal Ammoniac. 


This salt ought to be entirely volatilized, by a low heat, 
when laid on a heated iron. It sometimes contains sulphate 
of ammonia, however, which, being also volatile, cannot be 
thus detected.. To ascertain the presence of the latter salt, 
add the muriate or nitrate of baryta, which will indicate the 
sulphate by a copious and insoluble precipitate. 


XXIL— Acetate of Potassa,—Potasse Acetas, P. L. 


Genuine acetate of potassa is perfectly soluble in four times 
its weight of alcohol, and may thus be separated from other 
salts that are insoluble in that fluid. ‘The tartrate of potassa 
(soluble tartar) is the adulteration most likely to be employed. 
This may be discovered by adding a solution of tartaric acid, 
which, if the suspected salt be present, will occasion a copious 
precipitate. [he tartrate is also detected by its forming, with 
acetate of lead or muriate of baryta, a precipitate soluble in 
acetic or muriatie acid; and sulphates, by a precipitate with 
the same agents, insoluble in those acids. 
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XXITI.— Neutral Tartrate of Potassa,—Potasse Tartras, 
P. L.—Soluble Tartar. : 


This salt should afford a very copious precipitate on adding 
tartaric acid. ‘The only salt likely to be mixed with it is 
sulphate of soda, which may be detected by a precipitate with 
muriated baryta, insoluble in diluted muriatic acid. 


XXIV.—Bi-tartrate of Potassa,—Potasse Supertartras, 
P. L.—Cream of Tartar. 


The only substance with which this salt is likely to be pur- 
posely adulterated is sulphate of potassa. ‘To determine 
whether this be present, pour, on about half an ounce of the 
powdered crystals, two or three ounce-measures of distilled 
water; shake the mixture frequently, and let it stand one or 
two hours. ‘The sulphate of potassa, being more soluble than 
the tartrate, will be taken up; and may be known by the 
bitter taste of the solution, and by a precipitate, on adding 
muriate of baryta, which will be insoluble in muriatic acid. 

Bi-tartrate of potassa frequently, however, contains tartrate 
of lime. This may be discovered by burning a portion so as 
to destroy the acid; washing off by water the carbonate of 
potassa which is formed; and then acting on the residue with 
diluted muriatic acid. This dissolves the carbonate of lime, 
if any be present ; and oxalate of ammonia, added to the solu- 
tion, precipitates oxalate of lime. 


XXV.—Compound Tartrate of Soda and Potassa,—Soda 
Tartarizata, P. L.—Rochelle or Seignette’s Salt. 


Sulphate of soda, the only salt with which this may be ex- 
pected to be adulterated, is discovered by adding to a solution 
of Rochelle salt the acetate of lead or muriate of baryta.— 
The former, if the sulphate be present, affords a precipitate 
insoluble in acetous acid, and the latter one insoluble in mu- 
riatic acid. 


XXVI.—Sulphate of Magnesia,—Magnesie Sulphas, P, L.— 
Epsom Salt. 


This salt has been adulterated with sulphate of soda, or 
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Glauber’s salt, which may be made to resemble the magnesian 
salt in appearance, by stirring it briskly at the moment when 
it is about to crystallize. ‘The fraud may be discovered very 
readily if the salt consist entirely of the sulphate of soda, 
because no precipitation will ensue on adding carbonate of 
potassa, If only a part of the salt be sulphate of soda, detec- 
tion is not so easy, but may still be accomplished; for, since 
100 parts of crystallized sulphate of magnesia give between 
35 and 36 of the dry carbonate, when completely decomposed 
by about 57 of sub-carbonate of potassa, if the salt under 
examination afford a considerably less proportion, its sophis- 
tication may be fairly inferred; or, to discover the sulphate of 
soda, precipitate all the magnesia by pure ammonia, with the 
aid of heat. Decant the clear liquor from. the precipitate, 
filter it, and, after evaporation to dryness, apply such a heat 
as will volatilize the sulphate of ammonia, when that of soda 
will remain fixed, and every 10 grains of the dry residue will 
indicate about 221 of crystals. 

Muriate of magnesia or of lime may be detected by the 
salt becoming moist when exposed to the air, and by a pre- 
cipitation with nitrated silver, after nitrate of baryta has sepa- 
rated all the sulphuric acid and magnesia, or by fumes of 
muriatic acid arising on the addition of a little sulphuric acid. 
These, if in very small quantity, will be made apparent by 
a stopper moistened with liquor of ammonia. Lime is dis- 
coverable by a white precipitate on the addition of liquid car- 
bonate of ammonia. 

Mr. Brande has sometimes found amongst Epsom salt a 
very considerable proportion of the triple sulphate of mag- 
nesia and potassa. (Manual, Vol. i. p.599.) It may be known 
by its sparing solubility, and by the rhomboidal shape of its 
crystals; by occasioning a gritty sensation in the mouth; and 
by being less bitter than the magnesian sulphate. 


XXVII.—Sulphate of Alumina, &c.—Alum. 


Perfectly pure alum should contain neither iron nor copper. 
The former is manifested by adding, to a solution of alum, 


prussiate of potassa, and the latter by an excess of pure am- 
monia. 
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XXXVIUI.—Sul-borate of Soda,—Sode Boras, P, L.— 


Borax. 


Borate of soda, if adulterated at all, will probably be so with 
alum or fused common salt. To discover these, borax must 
be dissolved in water, and its excess of alkali be saturated with 
nitric acid. Nitrate of baryta, added to this saturated solu- 
tion, will detect the sulphuric salt, and nitrate of silver the 
common salt. 


XXIX.—Sulphate of Suck adele ds Sulphas, P. L.—Green 
Vitriol, 


If this salt should contain copper, which is the only admix- 
ture likely to be found in it, pure ammonia, added till a pre- 
cipitation ceases, will afford a blue liquor. Any copper, that 
may chance to be present, may be separated, and the salt puri- 
fied, by immersing in a solution of it a clear polished plate 
of iron. 


XXX.— Glass of Antimony. 

A large quantity of glass of lead was lately introduced into 
the London market, as glass of antimony. 'To discover this 
criminal imposition, whenever it may be practised, the follow- 
ing distinctive characters of the two substances have been des- 
cribed by Mr. Luke Howard.* 

Glass of antimony has a rich brown or reddish colour, with 
the usual transparency of coloured glasses. ‘The glass of lead 
is of a deeper and duller colour against the light; is much less 
transparent; and even, in some samples, quite opaque. 

The specific gravity of the true never exceeds 4.95; that of 
the spurious or lead glass is 6.95; or, in round number S, their 
comparative weights areas 5 to 7. 

Let twenty grains be rubbed fine in a glass mortar, adding 
half an ounce of good muriatic acid. The true dissolves with 
an hepatic smell; the solution is turbid, but has no sediment. 
The spurious turns the acid yellow, giving out an odour of 
chlorine, and leaves much sediment. 


* Philosophical Magazine, xxxv. 286. 
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Let a little of each solution be separately dropped into water. 
The true deposits oxide of antimony in a copious white 
coagulum; or, if the water has been previously tinged with 
sulphuret of ammonia, in a fine orange precipitate. ‘The 
spurious gives no precipitate in water, man in the other liquid 
one of a dark brown or olive colour. 

A solution of the spurious in distilled vinegar has a sweet 
taste, together with the other properties of acetate of lead. 

A very small mixture of the spurious maybe detected by its 
debasing, more or less, the bright crange colour of the pre- 
cipitate thrown down by the sulphuret of ammonia from the 
solution in any acid. 

The samples of the spurious, hitherto detected, are of a 
much thicker and clumsier cast than the genuine; but the ap- 
pearance is not to be trusted, and no specimen should be 


allowed to pass without a trial either of the specific gravity or 
chemical properties. 


XXXI.—Tartarized Antimony,—Antimonium Tariarizatum, 
P, L.—Emetic Tartar. 


A solution of this salt should afford, with acctate of lead, 
a precipitate perfectly soluble in dilute nitric acid. <A few 
drops of the sulphuret of ammonia, also, added to its solution, 


should immediately precipitate a gold coloured sulphuret of 
antimony. 


XX XII.—Muriate of Mercury,—Hydrargyri Oxymurias, 
P, L.—Corrosive Sublimate.— Bichlor ide of Mercury. 


If there be any reason to suspect arsenic in this salt, the 
admixture (which, however, is not likely to be practised ex- 
cept with the intention of its acting as a poison of even greater 
virulence) may be discovered as follows:— Dissolve a small 
quantity of the sublimate in distilled water; add a solution of 
carbonate of ammonia till the precipitate ceases, and filter 
the solution. If, on the addition of a few drops of ammoniu- 
reted copper* to this solution, a precipitate of a yellowish 
ereen colour is produced, the sublimate contains arsenic. 


* Prepared by digesting a little verdegris in the solution of pure ammonia, 
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X XXIU1.—Submuriate of Mercury,— Proto-chloride of Mer- 
cury,—Hydrargyri Sub-murias, P, L.—Calomel. 
Calomel should be completely saturated with mercury. 
This may be ascertained by boiling, for a few minutes, one 
part of calomel with ~;d part of muriate of ammonia (sal am- 
moniac) in 10 parts of distilled water. When carbonate of 
potassa is added to the filtered solution, no precipitation will 
ensue if the calomel be pure. ‘This preparation, when rubbed 
in an earthen mortar with pure ammonia, should become in- 
tensely black, and should exhibit nothing of an orange hue. 


XX XIV.— Mercury, or Quicksilver, —Hydrargyrus, P. L. 


Scarcely any substance is so liable to adulteration as mer- 
cury, owing to the property which it possesses of dissolving 
completely some of the baser metals. This union is so strong, 
that they even rise along with the quicksilver when distilled. 
The impurity of mercury is generally indicated by its dull 
aspect; by its tarnishing and becoming covered with a coat of 
oxide, on long exposure to the air; by its adhesion to the 
surface of glass; and, when shaken with water in a bottle, by 
the speedy formation of a black powder. Lead and tin are 
frequent impurities, and the mercury becomes capable of 
taking up more of these if zinc or bismuth be previously added. 
To discover lead, the mercury may be agitated with a little 
water, in order to oxidize that metal. Pour off the water, 
and digest the mercury with a little acctous acid. ‘This will 
dissolve the oxide of lead, which wiil be indicated by a blackish 
precipitate with sulphureted water. Or, to this acetous solu- 
tion, adda little sulphate of soda, which will precipitate sulphate 
of lead, containing, when dry, 68 per cent. of metal. IRfonly a 
very minute quantity of lead be present, in a large quantity 
of mercury, it may be detected by solution in mitric acid and 
the addition of sulphureted water. A dark brown precipitate 
will ensue, and will subside if allowed to stand a few days. 
One part of lead may thus be separated from 15263 parts of 
-mercury.* Bismuth is detected by pouring a nitric solution, 


* Accum on the Detection of Adulterations, in Nicholson’s Journal, 4to. 
vol, iv. 


SECT. II. DETECTION OF ADULTERATIONS. 589 


prepared without heat, into distilled water; a white preci- 
pitate will appear if this metal be present. ‘Tin is manifested, 
in like manner, by a weak solution of muriate of gold, which 
throws down a purple sediment; and zinc, by exposing the 
metal to heat. 


XXXV.—Red Oxide of Mercury,—Hydrargyri Oxydum 
Rubrum, P. L. 


This substance is rarely found adulterated, as it would be 
difficult to find a substance well suited to this purpose. If 
well prepared, it may be totally volatilized by heat. 


XAXVI.—Red Oxide of Mercury by Nitric Acid,—Hydrar- 
gyrt Nitrico-Oxydum, P. L.—Red Precipitate. 


This is very liable to adulteration with minium, or red lead. 
The fraud may be discovered by digesting it in acetic acid, 
and adding to the solution sulphureted water, or sulphuret of 
ammonia, either of which produces, with the compounds of 
lead, a dirty dark coloured precipitate; or by adding sulphate 
of soda, which throws down sulphate of lead. This oxide 
ought to be totally volatilized by heat. 


XXX VII.—White Oxide of Mercury,—Hydrargyrus Preci- 
pitatus Albus, P. L.—White Precipitate. 


White lead is the most probable adulteration of this sub- 
stance, and chalk may also be occasionally mixed with it. 
The oxide of lead may be discovered as in the last article; 
and chalk, by adding to the dilute solution a little oxalic acid. 


XXXVIIJ.—Red Sulphureted Oxide of Mercury,—Hydrar- 
gyri Sulphuretum Rubrum, P. L.— Factitious Cinnabar, 


This substance is frequently adulterated with red lead, 
which may be detected by the foregoing rules. Chalk and 
dragon’s blood are also sometimes mixed with it. ‘The chalk 
is discovered by an effervescence on adding acetic acid, and 
by pouring oxalic acid into the acetous solution, Dragon’s 
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blood will be left unvolatilized when the sulphuret is exposed 
to heat, and may be detected by its giving a colour to alcohol, 
when the cinnabar is digested with it. 


XXXIX.—Black Sulphureted Oxide of Mercury,—Ethiop’s 
Mineral. 


The mercury and sulphur, in this preparation, should be 
so intimately combined, that no globules of the metal can be 
discovered by a magnifier; and that, when rubbed on gold, 
no white stain may be communicated. ‘The admixture of 
ivory-black may be detected by its not being wholly volatilized 
by heat ; or, by boiling with alkali to extract the sulphur, and 
afterwards exposing the residuum to heat, which ought entirely 
fo evaporate. 


XL.—Yellow Oxide or Sub-sulphate of M er curyys—LE ydrargyrus 
Vitriolatus, P. L.—Turlith Mineral, 


This preparation should be wholly evaporable; and, when 
digested with distilled water, the water ought not to take up 
any sulphuric acid, which will be discovered by muriate of 


baryta. 
XLL—Fused Nitrate of Silver,—Argenit Nitras, P. L— 


Lunar Caustic. 


The most probable admixture with this substance is nitrate 
of copper, derived from the employment of an impure silver. 
In moderate proportion this is of little importance. It may 
be ascertained by solution in water, and adding an excess of 
pure ammonia, which will detect copper by a deep blue 
colour. 

The watery solution of lunar caustic, when mingled with 
one of common salt, should give a copious curdy precipitate. 


XLIL—WVhite Oxide of Zinc,—Zinci Oxydum, P. L.— 
Flowers of Zine. 


Oxide of zinc may be adulterated with chalk, which is dis- 
coverable by an effervescence with acetous acid, and by the 
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precipitation of this solution with oxalic acid. Lead is detected 
by adding, to the acetous solution, sulphureted water, or sul- 
phuret of ammonia. Arsenic, to which the activity of this 
medicine has been sometimes ascribed, is detected, also, by 
sulphureted water, added to the acetous solution: but in this 
case the precipitate has a yellow colour, and, when laid on 
red-hot charcoal, gives first a smell of sulphur, and afterwards 
of arsenic. 


XLIL—/Vhite Carbonate of Lead,—Flumbi Carbonas, P. L.— 
White Lead. 


This is frequently sophisticated with chalk ; the presence of 
which may be detected by cold acetous acid, and by adding, 
to this solution, oxalic acid. Carbonate of baryta is de- 
tected by sulphate of soda added to the same solution, very 
largely diluted with distilled water; and sulphate of baryta, 
or sulphate of lead, by the insolubility of the cerusse in boil- 
ing distilled vinegar. 


XLIV.—Acetate of Lead,— Plumli Superacetas, P. L.—~ 
Sugar of Lead. 


If the acetate of lead should be adulterated with acetate of 
lime or of baryta, the former may be detected by adding, to a 
very dilute solution, the oxalic acid; and the latter by sul- 
phuric acid, or solution of sulphate of soda, poured into a solu- 
tion very largely diluted with water. Acetate of lead ought 
to dissolve entirely in water, and any thing that resists solu- 
tion may be regarded as an impurity. 


XLV.—Sub-acetate of Copper,—rugo, P. L.—Verdegris. 


This substance is scarcely ever found pure, being mixed 
with pieces of copper, grape-stalks, and other impurities. 
The amount of this admixture of insoluble substances may 
be ascertained by boiling a portion of verdegris with 12 or 14 
times its weight of distilled vinegar, allowing the undissolved 
part to settle, and ascertaining its amount. Sulphate of cop- 
per may be detected by boiling the verdegris with water, and 
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evaporating the solution. Crystals of acetate of copper will 
first separate, and, when the solution has been farther con- 
centrated, the sulphate of copper will crystallize. Or, it may 
be discovered by adding, to the solution of verdegris in dis- 
tilled vinegar, muriate of baryta, which will throw down a very 
abundant precipitate. ‘Tartrate of copper, another adulteration 
sometimes met with, is discovered by dissolving a little of the 
verdegris in acetic acid, and adding acetate or muriate of ba- 
ryta, which will afford, with the tartaric acid, a precipitate 
soluble in muriatic acid. 


XLVI.—Crystallized Bin-acetate of Copper,—Distilled or 
Crystallized Verdegris. 


This is prepared by dissolving common verdegris in dis- 
tilled vinegar, and crystallizing the solution. These crystals 
should dissolve entirely in six times their weight of boiling 
water, and the solution should give no precipitation with so- 
lutions of baryta; for, if these solutions throw down a pre- 
cipitate, sulphate of copper is indicated. ‘This impurity may 
be discovered by evaporating the solution very low, and se- 
parating the crystals of acetate of copper. Farther evapo- 
ration and cooling will crystallize the sulphate, if any be 
present. ; 


XLVIT.—Carlonate of Magnesia,—Common Magnesia,— 
Magnesie Carbonas, P. L. 


Carbonate of magnesia is most liable to adulteration with 
chalk ; and, as lime forms with sulphuric acid a very insoluble 
salt, and magnesia one very readily dissolved, this acid may 
be employed in detecting the fraud. To a suspected portion 
of magnesia add a little sulphuric acid, diluted with eight or 
ten times its weight of water. If the magnesia should entirely 
be taken up, and the solution should remain transparent, it 
may be pronounced pure, but not otherwise. Another mode 
of discovering the deception is as follows:—Saturate a portion 
of the suspected magnesia with muriatic acid, and add a so- 
lution of carbonate of ammonia, If any lime be present, it 
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will form an insoluble precipitate, but the magnesia will remain 
in solution, 


XLVIII.— Pure Magnesia,—Magnesia, P. L.—Cailcined 
Magnesia. 


Calcined magnesia may be assayed by the same tests as the 
carbonate. It ought not to effervesce at all with dilute sul- 
phuric acid; and, if the earth and acid be put together into 
one scale of a balance, no diminution of weight should ensue on 
mixing them slowly together. It should be perfectly free from 
taste, and, when digested with distilled water, the filtered 
liquor should manifest no property of lime-water. Calcined 
magnesia, however, is very seldom so pure as to be totally dis- 
solved by diluted sulphuric acid; for a small insoluble residue 
generally remains, consisting chiefly of siliceous earth, de- 
rived from the alkali. ‘The solution in sulphuric acid when 
largely diluted, ought not to afford any oad ag with 
oxalate of ammonia. 


XLIX.—Spirit of Wine, Alcohol, and Ethers. 


The only decisive mode of ascer taining the purity of spirit 
of wine and of ethers, is by determining their specific gravity. 
Highly rectified alcohol should have the specific gravity | of 
.800 to 1.000; rectified spirit of wine .835 ; proof spirit of 920 ; 
sulphuric ether .729; and as found in the shops under the 
name of ether rectificatus it ought not to exceed .750; the 
spiritus etheris nitrici (P. L. 1815), or sweet spirit of nitre, 

.834. The ethers, when quite pure, ought not to redden the 
colour of litmus, nor ought those formed from sulphuric acid 
to give any precipitation Beg solutions of baryta, 


L.—Essential or Volatile Oils. 


As essential oils constitute only a very small proportion of 
the vegetables from which they are obtained, and bear gene- 
rally a very high price, there is a considerable temptation to 
adulterate them. They are found sophisticated, either with 
cheaper volatile oils, with fixed oils, or with spirit of wine. 
The fixed oils are discovered by distillation with avery gentle 

vol. Il. 2 Q 
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heat, which elevates the essential oils, and leaves the fixed 
ones. ‘These last may, also, be detected by moistening a little 
writing-paper with the suspected oil, and holding it before the 
fire. If the oil be entirely essential, no stain will remain on 
the paper. Alcohol, also, detects the fixed oils, because it 
only dissolves the essential ones, and the mixture becomes 
milky. The presence of cheaper essential oils is discovered 
by the smell. Alcohol, a much cheaper liquid than some of 
the most costly oils, is discovered by adding water, which, if 
alcohol be present, occasions a milkiness. Vauquelin, how- 
ever, finds that oil of bergamot may contain eight per cent. of — 
alcohol of sp. gr. 0.817 without its being discoverable when 
mixed with water. He has noticed, also, some other pheno- 


mena attending the mutual action of those two fluids. (Ann. 
of Phil. vol. xiii. p. xviii). 


LI.—Olive Oil. 


This oil is sometimes adulterated with the cheaper oils ob- 
tained from grains and seeds. ‘The acid pernitrate of mercury 
(prepared by dissolving, in the cold, six parts of mercury in 
seven and a half of nitric acid, sp. gr. 1.36, or thereabouts) 
has the property of solidifying or congealing in a few hours 
genuine oil of olives; while it leaves the oils of grains almost 
entirely liquid, or at most produces a precipitate from them 
more or less ‘sparingly, according to the proportions of oils 
that may be mixed together. Eight parts of pernitrate are 
sufficient to congeal 92 parts of pure olive oil. Mixtures of 
the genuine oil with cheaper oils exhibit only a slow and par- 
tial coagulation. One-third of oil of grains is sufficient to pre- 
vent the mixture from solidifying. (Ann. de Chimie et de 
Phys. xii. 58). 
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SECTION UI. 


Application of Chemical Tests to the Uses of the Farmer and 


Country Gentleman. 


Tue benefits that might be derived from the union of che- 
mical skill with the extensive observation of agricultural facts, 
are, perhaps, incalculable. At present, however, the state of 
knowledge among farmers is not such as to enable them -to 
reap much advantage from chemical experiments; and the 
chemist has, himself, scarcely ever opportunities of applying 
his knowledge to practical purposes in this way. It may 
perhaps, however, be of use, to offer a few brief directions for 
the analysis of marls, lime-stones, Xc. 


Art. I.—Lime. 


It is impossible to lay down any general rules respecting 
the fitness of lime for the purposes of agriculture; because 
much must depend on the peculiarities of soil, exposure, and 
other circumstances. Hence a species of Jime may be ex- 
tremely well adapted for one kind of land, and not for another. 
All that can be accomplished by chemical means is to ascer- 
tain the degree of purity of the lime, and to infer, from this, to 
what kind of soil it is best adapted. ‘Thus a lime, which con- 
tains much argillaceous earth, is better adapted than a purer 
one to dry and gravelly soils; and stiff clayey lands require a 
lime as free as possible from the argillaceous ingredient. 

To determine the purity of lime, let a given weight be dis- 
solved in diluted muriatic acid. Let a little excess of acid be 
added, that no portion may remain undissolved owing to the 
deficiency of the solvent. Dilute with distilled water; let the 
insoluble part, if any, subside, and the clear liquor be decanted. 
Wash the sediment with farther portions of water, and pour 
it upon a filter, previously weighed. Dry the filter and ascer- 
tain its increase of weight, which will indicate how much inso- 
luble matter the quantity of lime submitted to experiment 
contained. It is easy to judge by the external qualities of the 
insoluble portion, whether argillaceous earth abounds in its 


composition. . 
292 
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There is one earth, however, lately found in several lime- 
stones, which is highly injurious to the vegetation of plants, 
and is not discoverable by the foregoing process, being, equally 
with lime, soluble in muriatic aed. This earth: is Mee owt 
which, by direct experiments, has been ascertained to be 
extremely noxious to plants. The late Mr. Tennant, to 
whom we owe this fact, was informed, that in the neighbour- 


hood of Doncaster two kinds of lime were employed, one of 


which it was necessary to use very sparingly, and to spread 
very evenly; for it was said, that a large proportion, instead 
of increasing, diminished the fertility “of the soil; and that, 
whenever a ahexip of it was left in one spot, all fertility was 
prevented for many years. Fifty or sixty bushels on an acre 
were considered to be as much as could be used with advan- 
tage. The other sort of lime, which was obtained from a 
village near Ferrybridge, though considerably dearer, from the 


6 


distant carriage, was more frequently employed, on account of » 


its superior utility. A large quantity was never found to be 
injurious; and the spots which were covered with it, instead 
of being rendered barren, became remarkably fertile. On ex- 
amining the composition of these two species of lime, the 
fertilizing one proved to consist entirely of calcareous earth, 
and the noxious one of three parts lime and two magnesia. 
The presence of magnesia in lime proved, on farther inves- 
tigation, to be a very common occurrence. The magnesian 
lime-stone appears to extend for 30 or 40 miles from a little 
south-west of Worksop, in Nottinghamshire, to near Ferry- 
bridge, in Yorkshire, and it has also been found at Breedon, 


and Matlock, in Derbyshire, and in various other parts of 


England.* 

The magnesian lime-stone, according to Mr. Tennant, 
may easily be distinguished from that which is purely calea- 
reous, by the slowness of its solution in acids, which is so con- 
siderable, that even the softest kind of the former is much 
longer in dissolving than marble; it has also frequently a crys- 
tallized structure; and sometimes, though not always, small 
black dots may be seen dispersed through it. In the coun- 


* See Phillips’s Geology of a and Wales, page 80. 
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tries where this lime-stone is fouad, the lime is generally dis- 
tinguished, from its effects in agriculture, by the farmers, as 
hot lime, in opposition to the purely calcareous, which they 
term mild, 

To ascertain, by chemical means, the composition of a 
lime or lime-stone suspected to contain magnesia, the follow- 
ing is the easiest, though not the most accurate, process, 
Procure a Florence flask, clean it well from oil by a little 
soap-lees or salt of tartar and quicklime mixed, and break it 
off, about the middle of the body, by setting fire to a string 
tied round it and moistened with oil of turpentine. Into the 
bottom part of this flask put 100 grains of the lime or lime- 
stone, and pour on it, by degrees, half an ounce of strong 
sulphuric acid. On each affusion of acid a violent efferves- 
cence will ensue; when this ceases, stir the acid and lime 
together with a small glass tube, or rod, and place the flask 
in an iron pan, filled with sand. Set it over the fire, and 
continue the heat till the mass is quite dry. Scrape off the 
dry mass, weigh it, and put it into a wine glass, which may 
be filled up with water. Stir the mixture, and when it has 
stood halfan hour, pour the whole on a filtering-paper, placed 
on a funnel, and previously weighed. Wash the insoluble 
part with water, as it lies on the filter, and add the washings 
to the filtered liquor. ‘To this liquor add a solution of half an 
ounce of salt of tartar in water, when, if magnesia be present, 
a very copious white sediment will ensue; if lime only, 
merely a slight milkiness. In the former case, heat the liquor 
by setting it in a tea-cup near the fire; let the sediment sub- 
side; pour off the clear liquor, which may be thrown away, 
and wash the white powder repeatedly with warm water. 
Then pour it on a filter of paper, the weight of which is 
known, dry it, and weigh. The result, if the litie-stone has 
been submitted to experiment, shows how much carbonate of 
magnesia was contained in the original stone, or, deducting 
GO per cent., how much pure magnesia 100 parts of the lime- 
stone contained. If the burnt lime has been used, deduct 
from the weight of the precipitate 60 per cent. and the re- 
mainder will give the weight of the magnesia in each 100 
grains of the burnt lime. 
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Art. IL.—Analysis of Marls. 


The ingredient of marls, on which their fitness for agri- 
cultural purposes depends, is the carbonate of lime. It is 
owing to the presence of this earth that marls effervesce on 
the addition of acids, which is one of their distinguishing 
characters. In ascertaining whether an effervescence takes 
place, let the marl be put into a glass, partly filled with 
water, which will expel a portion of air contained mechani- 
cally in the marl, and thus obviate one source of fallacy. 
When the marl is thoroughly penetrated by the water, add a 
little muriatic acid, or spirit of salt. If a discharge of air 
should ensue, the marly nature of the earth is sufficiently 
established. 

To find the composition of a marl, pour a few ounces of 
diluted muriatic acid into a Florence flask, place them in a 
scale, and let them be balanced. Then reduce a few ounces 
of dry marl into powder, and let this powder be carefully and 
gradually thrown into the flask, until, after repeated additions, 
no farther effervescence is perceived. Let the remainder of 
the powdered marl be weighed, by which the quantity pro- 
jected will be known. Let the balance be then restored. 
The difference of weight between the quantity projected and 
that requisite to restore the balance, will show the weight of 
air lost during effervescence. Ifthe loss amount to 13 per cent. 
of the quantity of marl projected, or from 13 to 32 per cent., the 
marl assayed is calcareous marl, or marl rich in calcareous 
earth. 

Clayey marls, or those in which the argillaceous ingredient 
prevails, lose only 8 or 10 per cent. of their weight by this 
treatment, and sandy marls about the same proportion. The | 
presence of much argillaceous earth may be judged by drying 
the marl, after being washed with spirit of salt, when it will 
harden and form a brick. 

To determine, with still greater precision, the quantity of 
calcareous earth in a marl, let the solution in muriatic acid be 
- filtered, and mixed with a solution of carbonate of potassa, 
till no farther precipitation appears. Let the sediment sub- 
side, wash it well with water, lay it on a filter, previously 


SECT. III. APPLICATION OF CHEMICAL TESTS. 599 


weighed, and dry it. The weight of the dry mass will show 
how much carbonate of lime the quantity of marl submitted 
to experiment contained. 


Arr. II.—Analysis of Soils. 


Instructions respecting the analysis of soils, adapted to po- 
pular use, may be found in Sir H. Davy’s Elements of Agri- 
cultural Chemistry. ‘Their length only prevents me from in- 
serting them in this place; but this is of the less importance, 
as they form part of a work which ought to be in the hands of 
all persons, who attempt to practise agriculture on fixed and 
scientific principles. 
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APPENDIX, 


CONSISTING OF 


VARIOUS USEFUL TABLES. 


CORRESPONDENCE BETWEEN ENGLISH AND FOREIGN 
WEIGHTS AND MEASURES.* 


a 
I.—English Weights and Measures. 
Troy Weight. 


Pound, Ounces, Drms. Scruples. Grains. Grammes. 
pS 12 86 = 288 = 5760 = 372.96 
i = = <3 = 480 = 31-08 
LES 3 = 60° = 3.885 
bia 20 = = 1.295 
P= 0.06475 
Avoirdupois Weight. 
Pound. Ounces. Drms. Grains. _ Grammes, 
i = 36 = ‘256 = 7000: = 453.25 
1- =) 16°" 437.5" = 28.328 
i= 97.34375 = 1.7705 
Measures. 
Gal. Pints. Ounces, Drms. Cub. Inch. Litres. 
1 = 8 = 128 = 1024 = 231. = 3.78515 
1 = -16 = 128: = 28.876 . = O47393 . 
l= 8o= 1.8047 = 0.02957 
ics 0.2256 = 0.00396 


N. B.—The English « ale-gallon contains 282 cubical inches ; 


* For the most complete and authentic account of the correspondence 
between English and foreign weights and measures, the reader 3s les 
to the last edition of Dr. Kelly’s Universal Cambist. 
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or rather, according to the report of the Commissioners ap- 
pointed to consider the subject of weights and measures, 
277.8 cubic inches, the cubic inch being found to weigh 
252.72 parliamentary grains of water at 62°. Hence the weight 
of one gallon of water at 62° Faht. is 10 pounds avoirdupois. 
(Quarterly Journal, xi. 378.) The wine pint is equivalent to 
7272 grains troy of water at 62° Faht. or 28.875 cubical 
inches, 


Il.— German. 


71 lbs. or grs. English troy .... = 74 Ibs. or grs. German 

apothecaries weight. 

1 oz. Nuremberg, medic. weight = 7 dr. 2 sc. 9 gr. English. 

1 mark Cologne .......-.... = 702 2 dwt.4 gr. English 
troy. 


Il1.—Dutch. 


1 lb. Dutch = 1 lb. 3 oz. 16 dwt. 7 gr. English troy. 
7874 lbs. Dutch = 1038 lbs. English troy. 


I1V.—Swedish Weights and Measures, used by Bergman and 
Scheele. 


The Swedish pound, which is divided like the English 
apothecary, or troy, pound, weighs 6556 grs. troy. 

The kanne of pure water, according to Bergman, weighs 
42250 Swedish grains, and occupies 100 Swedish cubical 
inches. Hence the kanne of pure water weighs 48088.719444 
English troy grains, or is equal to 189.9418 English cubic 
inches; and the Swedish longitudinal inch is equal to 1.238435 
English longitudinal inches. 

Irom these data, the following rules are deduced : 

1. To reduce Swedish longitudinal inches to English, mul- 
tiply by 1.2384, or divide by 0.80747. 

2. To reduce Swedish to English cubical inches, multiply 
by 1.9, or divide by 0.5265. 

3. ‘To reduce the Swedish pound, ounce, dram, scruple, or 
grain, to the corresponding English troy denomination, mul- 
tiply by 1.1382, or divide by .8786. 


OLD FRENCH WEIGHTS. 603 


4. To.reduce the Swedish kannes to English wine pints, 
multiply by .1520207, or divide by 6.57805. 

5. To reduce Swedish kannes to English wine gallons, mul- 
tiply by .82225, or divide by 1.216. 

6. The lod, a weight sometimes used by Bergman, is tlie 
32d part of the common Swedish pound of 16 oz. and the 
24th part of the pound of 120z. Therefore to reduce it to 


the English troy pound, multiply by 03557, or divide by 
28.1156. 


V.—Correspondence of English Weights and Measures with 
those used in France previously to 1795. 


§ 1.—WEIGHTSs. 


The Paris pound, poids de marc of Charlemagne, contains 
9216 Paris grains; it is divided into 16 ounces, each ounce 
into 8 gros, and each gros into 72 grains. It is equal to 7561 
English troy grains. 

The English troy pound of 12 ounces contains 5760 Eng- 
lish troy grains, and is equal to 7021 Paris grains. 

The English avoirdupois pound of 16 ounces contains 
7000 English troy grains, and is equal to 8532.5 Paris grains. 
To reduce Paris grains to English troy grains, 

divide Dy Sy. .aere ee Maite ae were ed 
To reduce English troy grains to Paris grains, 

multiply eytt a2 ees. Bd OSE Hae SE 
To reduce Paris ounces to English troy, divide >) 

IY oe gate os vers 
To reduce English troy ounces to Paris, nee { 1.015734 

tiply' bye er ee ee he citiictete cree arefaitare ons 

Or the conversion may be made by means of the Felis wae 
tables : 


1.2189 


1.—To reduce French to English Troy Weight. 


The Paris pound = 7561. 
The ounce = . 472.5625 : . 
The gros vat 59.0703 ( English troy grains. 


8204 


The grain 
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2.—To reduce English Troy to Paris Weight. 
The English troy pound of ug 


ounces eeeooeseegeseseeoe 6 e@8 0 
‘The froy ounce... 5.31040 SS “805-083 
' i ona 2g 
reel dram of 60 hr 6 ; os = 73.1854 Ups, grains, 
C penny-weig t or ener) — . Q0.9F4AI 


7021. 


Il 


of 24 praing ose cc sea. 7 
The scruple of 20 grains..., = 24.3784 
The eraib $0ccus paces eons ae 1.2189 
| 3—To reduce English Avoirdupois to Paris Weight. 
The avoirdupois pound of 16. _ gz¢ é 
ounces, or 7000 troy grains f ~ ~~~" Paris grs. 
The ounce: ..6 06.0. es sheet wed BB3.6250- 


§ 11.—LONG AND CUBICAL MEASURES. 


To reduce Paris running feet, or inches, into 


English, multiply by ..... ae Pa ga 
English running feet, or inches, into Paris, a 
CIVICS BY fe Ps 0es eae ak oe soe SA Pe 
‘To reduce Paris cubic feet, or aee to En-“ 
elish, multiply by ..... ei ees 
1.211278 


English cubic feet, or inches, to Mae 
CUVIAG AIG nos cb sss cise Satna se 6 tenes eae 

Or by means of the following tables : 
4.—TLo reduce Paris Long Measure to English, 


The French toise = 6.3945 English feet. 
The Parisroyalfootof12inches = 12.7977 


THe mCh Gis. see eee = 1.0664 re 
The line, or 1- 12th of an er =  .0888 English inches. 
The 1-12th ofa line........ = 0074 


5.—To reduce English Long Measure to French. 
The English foot’ .......... = 11,2596 } 


REMHER®. s,s s ere wea ee £9383 | 
The 1-8th ofan inch ....., = nig Panis inches. 
The 1-10th @©eoeeevre7e eee 068 6&6 @ = 0938 | 


‘The l-Poay So ccsca es ess oS ae | 
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6.—To reduce French Cube Measure to English. 

The Paris cube) _ English . 
HOE cea. ¢ si — cubical ici es: in, 
The cubic inch = .000700) feet, or 1.211378 


7.—To reduce English Cube Measure to French.* 


The English cube foot, or) __ et 

1728 cubical he \ = Meiers French cubical 
‘Fhetenbicaltinch -.2.5 6.00 = 8260 { — inches. 
The etibe teith ........ = -0008 _J 


§ I1l.—MEASURE OF CAPACITY. 


The Paris pint contains 58.145}+ English cubical inches, 
and the English wine pint contains 28.875 cubical inches; or 
the Paris pint contains 2.0171082 English pints, and the En- 
glish pint contains .49617 Paris pints; hence, 

To reduce the Paris pint to the English 

MOU OVisec ts sw dicolmns or eeu e a ees ys 

To reduce the English pint to the Paris, 

Gayle. iow wo ws a5cis oso os wb ope RE 

The septier of Paris is 7756 French, or 9370.45 English, 
cubical inches; and the muid is 92832 French, or 112445.4 
English cubical inches. 


2.0171082 


* To convert the weight of a French cubic foot, of any particular sub- 
stance, given in French grains, into the corresponding weight of an English 
cubic foot in English troy grains, multiply the French grains by 0,6773181, 
and the product is the number of English troy'grains contained in an En- 
glish cubic foot of the same substance. 

+ Itis said by Belidor, Archit. Hydraul. to contain 31 oz. 64 grs. of 
water, which makes it 58.075 English inches; but, as there is considerable 
uncertainty in the determinations of the weight of the French cubical mea- 
sure of water, owing to the uncertainty of the standards made use of, it is 
better to abide by Mr. Everard’s measure, which was made by the Exche- 
quer standards, and by the proportions of the English and French foot, as 
established by the French Academy and Royal Society. 

According to Beaumé, the Paris pint contains 32 French ounces of water, 
at the temperature of 54°.5 Fahrenheit; which would make it equal to 
59.729 English cubical inches. 
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Table showing the Comparison between French and English 


Grains. (Poid de Marc.) 


French grs. = English grs. English grs. = French grs. 


* 0.8203 1 | 1.2189 
- 1.6407 q| 2Asis 

3 2.4611 3 3.6568 

4, | 3.2815 4, 4.8757 

5 4.1019 5 6.0947 

6 4.9223 6 7.3136 

4 5.7427 rs 8.5325 

8 6.5631 8 9.7515 

9 7.3835 9} 10.9704 

10 8.203 10 12.189 
20 16.407 20 24.378 
30 24.611 | 30 36.568 
4.0 32.815 | 4.0 48.757 
50 | 41.019 50 | 60.947 
60 49.223 60 73.136 
70 57.427 70 85.325 
80 65.631 S0 97.515 
90 73.835 90 | 109.704 
100 $2.03 100 121.89 
200 | 164.07 200 243.78 
300 246.11 300 $65.68 
400 328.15 4.00 487.57 
500 410.19 500 | 609.47 
600 4.92.23 600 731.36 
700 574.27 700 853.25 
800 656.31 800 975.15 
900 738.35 900 | 1097.04 
1000 820.3 1000 | 1218.9 
2000 1640.7 2000 2437.8 
3000 2461.1 3000 3656.8 
4.000 3281.5 4.000 4875.7 
5000 4101.9 5000 6094.7 
6000 | 4922.3 6000 | 7313.6 
7000 5742.7 7000 8532.5 
8000 6563.1 8000 9751.5 
9000 7383.5 9000 | 10970.4 
* 10,000 8203.0 10,000 | 12189.0 


* Per Farey (Nicholson’s Journal, xxii. 338), 1 grain French = 0.8204 


Finglish ; 10,000 ditto = 8204 ditto. 
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Table showing the Comparison between French and English 
Cubical Inches, the latter being equivalent to 252.75 grains of 
water at 62° Faht. (See p. 602.) 


Culic Inches. Culic Inches. 


French, = English 
1.2136 | 


English, = French. 


eS ES 


1 1 0.8239 
2 | 2.4272 ; | 1.6479 

8 3.6408 3 9.4719 

4 4.8544 4, 3.2958 

5 6.0681 5 4.1198 

G6 7.2817 6 4.9438 

7 8.4953 7 5.7677 

8 9.7089 8 6.5917 

91 10.9225 9 7.4157 

10 12.136 10 8.239 
20 94.272 20 16.479 
30 36.408 30 24.719 
4.0 48.544 40 32.958 
50 | 60.681 50 | 41.198 
60 72.817 60 49.438 
70 84.953 70 57.677 
80 97.089 80 65.917 
90} 109.225 90 74.157 
100 121.36 100 82.39 
200 | 24.2.72 200 | 164.79 
500 364.08 300 247.19 
4.00 | 485.44 400 329.58 
500 606.81 500 411.98 
600 728.17 600 4.94.38 
700 849.53 700 576.77 
800 970.89 800 659.17 
900 | 1092.25 900 741.57 
1000 1213.6 1000 $23.9 
2000 94.27 2 2000 | 1647.9 
3000 3640.8 3000 2471.9 
4.000 4854.4 4000 3295.8 
5000 | 6068.1 5000 4119.8 
6000 | 7281.7 6000 | 4.94.3.8 
7000 8495.3 7000 5767.7 
$000 9708.9 8000 6591.7 
9000 | 10922.5 9000 7415.7 
10,000 | 12136.0 10,000 8239.0 
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New French Weights and Measures (calculated by — 
Dr. Duncan, jun.) 
1.— Measures of Length; the Metre being at 32°, 
and the Foot at 62°. 
English inches. 


Millimetre ros 03937 
Centimetre = £9371 
Decimetre = 3.93710 
Metre* = 39.37100 Mil. Fur. Yds. Feet. In. 
Decametre a $93.71000 =< *O°"G #0 2- OT 
Hecatometre = *° 3937.10000 = 0 0 109 1 1 
Kilometre ==  39371.00000.= 'O"'"2 @25 1.1602 
Myriometre = 393710.00000 = 6.1 156 0 6G 
2,— Measures of Capacity. 

Cubic inches. 
Millilitre = .06108 
Centilitre = 61028 English. 
Decilitre = 6.10280 Tons. Hogs. Wine, G. Pints. 
Litre = 61.02800 = 0. @ 0. 2.1133 
Decalitre = 610.28000 = ®D2.4@..~ 2, 5.1352 
Hecatolitre =  6102.80000 = 0 0 26.419 
Kilolitre ze 61028.00000 = 1 0 12.19 
Myriolitre = 610280.00000 = 10 1 58.9 

3.—Measures of Weight. 

English Grains. 
Milligramme = . 0154 
Centigramme = 1544 
Decigramme = 1.5444 Avoirdupois. 
Gramme = 15.4440 Poun. Oun, Dram. 
Decagramme = 154.4402 = 9 0008.65 
Hecatogramme = 1544.4023 = oO 3°85 
Kilogramme = .15444.0234 = ne Salada 
Myriogramme = 154440.2344 = 922 1 @2 


* Determined by Captain Kater to be 39.37079 inches. (Phil. Trans. 
1818, p. 109.) In the Report of the Commissioners appointed to consider 
the subject of Weights and Measures, the leagth of a pendulum, supposed 
to vibrate seconds in London, on the level of the sea, at 62° Fahrenheit, is 
39.1393 inches. (Quart. Journ. xi. 378.) 
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Specific Gravities of Solid and Liquid Substances.* 


Specific Specific 
GEMS. a” STONES, Kc. iia 
Diamond, white ori- | Jasper brown. .....-.(2.6911 
ental... weeeee | 3.5212)| Granite, Egyptian. ../2.6541 
Topaz, oriental. ..../4.0106|| Rock-cr ystal.....,.--|2.6530 
Sapphire, oriental. ..| 3.9941 Chalcedony, bright . -| 2.6640 
Garnet, Bohetiian . . /4.1888|| Carrara marble. ....|/2.7168 
Beryl, oriental...... 3.5489|| Alabaster, oriental. . .|2.7302 
Hyacinth, common .. 3.6873) Carnelian......... 2.6137 
Emerald, from Peru. . 2.7755)| Slate, common, for 
Crysolithe, from Fives TOOLS . . sas wows j0s/ 2835 
Sa Pe, sacs 126023 Blin bcc piccece so 0g s6as(c.poal 
Amethyst, oriental”: .|2.651 || Agate, oriental..,,..(2.5901 
Ruby, oriental . . 4.2833) Portland-stone. . oe 2.533 
Serpentine, green, Ita- 
on Be. | Bec ce ees eaaee 
Ponderous spar. .... poe Opal, noble .. 2.144 
Porphyry ....+-+...|2.7651||, Pamice-stone......, 0.9145 
SALTS. 
Hager | Kirwan. | Mester | Newton 
Potassa,.....se0+50| 1.7085 | 4.6215 
[SNe a ae 1.5233 | 2.3908 | 2.3700 
Magnesia.........-| 0.3460 | 2.3298 
PWORIGR. 66552654. | 0.8200) | 2.0000 
DAagyte oe ccde sce. lst OST, | 4.0000 
Sulphate of potassa..| 2.4073 | 2.636 | 2.398 
——_————— alumina.) 1.7109 1.7260 I 
zinc ....| 1.9120 1.9 1.712 
———-——-— iron ....| 1.8399 1.88 
——e copper..| 2.1943 | 2.23 
Nitrate of potassa....) 1.9369 | 1.933 1.901 1,900 
Muriate of soda. ....! 2.2001 | 2.0835 | 2.143 
Acetate of lead... 2.3450 | 28953 
Supertart. of potassa 1.9153 | 1.8745 
Sub-borate of soda ..! 1.7230 1.7170 | 1.714 
Carbonate of potassa | 2.0120 2.749 
———soda....| 1.3591 | 1.421 
— ammonia 0.9660 | 1.8245 | 1.5026 


' * For the specific gravities of the metals, see Table of the Qualities of 
Metals, near the close of this Appendix. 
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APPENDIX, 


Table of Specific Gravities of Solid and Liquid 


Substances. — Continued. 


fend ry ‘ Specific / 
GLASSES AND VITRIFI- Grav. 


CATIONS. 


Green bottle-glass. ..| 2.7325 
French crystal-glass. .| 2.8922 
I'rench mirror-glass, 

from St. Gobin ...|2.4882 
English flint glass... .| 3.3205 
China porcelain ....|2.3847 


| 
INFLAMMABLES. | 


Roll-sulphur. ......|1.9907 
Piosprorus ss. oo. we tee 
PirecOal as nn es 
Ase Co as Se ee 1.0780 
Heaviest charcoal... ./0.441 | 
Mineral naphtha... .|0.708 


NOL eas saver snerewons 0.9887 | 
Liquid ammonia ... .|0.8970 


WATERS. 


Distilled water..... ./1.0000| 
Seawaterc sere eS 1.0263 
Water from the As- 

phaltic Sea... .. 6° 1.2403 

ACIDS. 
Sulphuricacid of com- 

BYCTCE .". Hii «5 aud 1.8500 
Sulphuric acid, real . .} 2.1250 
Nitmce-acid:. . Gh eis. 1.5800 
Muritatie acidtiitiuc.. 1.1940 
Concentrated acetic 

ACA. «6. 4 OF i Re 1.0626 


SPIRITUOUS LIQUIDS. 


Madeira wine....... 1.0382 
Onded. 072%. : 1.0181 
Brown beer}s /.... 0 1.0338 
Burgundy wine ..... 0.9915 


Champagne wine... .|0.962 


* Per Chaussier 0.7980. 


Asses milk. 22424... 


Specific 
SPIRITUOUS LIQUIDS.| Grav: 
BEANO Y ss ss sete ca aha 0.8371 
PCOMOI™ of. oe ve» -| 018293 
Nitric ether .......-.| 0.9088 
Acetic ether........ 0.8664: 
Sulphuric ether}....| 0.7396 


Muriatic ether......| 0.7296 
ETHEREAL OILS. 


Oil of cinnamon ....! 1.0439 


Oil of cloves. .......| 1.0363 
Oil of lavender...... 0.8938 
Spirit of turpentine . .| 0.8697 
FAT OILS. 
ISInGeed Gul, > cst eos 0.94.03 
POO DY Ole. 0 vie SOs 0.9288 
Oil of sweet almonds.' 0.9170 
ONG oils ce. | 0.9153 


ANIMAL FLUIDS. 


1.0355 
Cows, mitk. «..<<s he 1.0324 
Human milk... .... 1.0203 
Human urine....... 1.0106 

ANIMAL FATS, &c. 
Spermacetl. .26iaeews 0.9433 
MSE 55s sa acs ROMA ores 0.9423 
hallow \..... csr CO cngraleg 0.9419 


Mutton suet........|0.9235 
Pram oil... ...adbwes 06 0:9285 
Hogs’ lard ........55.4.|0:9668 
byory. .. aeenkng Wn 1.825 


a4ee¢ @ ®@ 


GUMS. 


Common gum ......| 1.4817 


+ Per Lovitz 0.6320. 


SPECIFIC GRAVITIES, 


i“ of Specific Gravities of Solid and Liquid 


Sulstances,—Continued. 
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Specific | Specific 
GUMS. Gravity. ‘OODS. Grav. 
Gum Arabic. ...... ..| 1.4523 | Lignum guaiacum. . .| 1.8330 
Gum tragacanth ..../ 1.3161 Box wood, Dutch. ..| 1.3280 
| pecuen Wee wood... .| 0.912 
Waa ee *: iets ee re. 1.2090 
Assafoetida........ L208 Pleat of old oak... .| 1.1700 
Scammonium, from i LEAD ORRIN. oy. sf 1008” 
UNV PNA airoe ote wis os) 1.2743 | Olivetree......... [0.9270 
Galbanum..........| 1.2120 | Mulberry tree, Spa- 
WISH, genus wae eer OcoU TO 
= | Beech tree. ca. . Js. (O88520 
Guaiacum.........., 1.2289 | Yew tree, Spanish . ...| 0.8070 
O° opal ancpee neg | 19185, PAINE 1¥Oe.. sees oes «| U1 G0 
Ammoniacum .... ‘| 1.207f | Pla tree. 035.0%, . | 027850 
Benzoe. 62. ..6 26's) 100924 || Maple trees... ....1|.007550 
Satidlarae o4.is v4 4 | 1.0920 pe nerty thee ssa is . 0.7200 
_ White resin..... ..»| 1.0819 | Quince tree ........| 0.7050 
Colophoayw? ...43 J. | 1.0441 | Orange tree........| 0.7050 
MNastion... 2.) IW. .. 1.0742 || Walnut tree,.......| 0.6710 
Copal, transparent . | 1.0452 | Pear tree . PT |: O-6B10 
Ilastic resing 12%. j 0.9335 || Cypress, Spanish. .. ~ «| 0.6440 
Pine teen. <.4.61.,1 .) 0.3300 
INSPISSATED JUICES. White Spanish poplar 
Milos -succoirina. <6. V.B795 | tee. on oe So we oe | O.5 294 
Wg eens ee Ms. L $9366 | Cork, 2): o. ea . | 0.24.00 
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Table for reducing the Degrees of Béaum’s Hydrometer to the 
Common Standard. 


Béaum’s Hydrometer for Liquids lighter than Water. 
Temperature 55° Fahrenheit, or 10° Reaumur. 


Deg. Sp. Gr. Deg. Sp. Gr. 


10.... 1.000 SH... adET 
1 Pasa 8) aa ° 35s s.0.0,.108e 
1205 6.° 985 1°20... <8 920) | 28 ves GOOOM OO ease, vat 
Tees Auer 29.5.5 BTN | OTs se cee 
Loy ds OTO 120. Se ee | SO we SOOT oe ee ss caer 


© 
Ss 
SS 


Las 2681028 ee NOE Bi ees os 822 
16... 1955 jy Cen 903. | 32. -.. 958 | 4020s, 817 
: ee 949 COs ess 897 33s eo 852 | 


Béaum’s Hydrometer for Liquids heavier than Water. 


Temperature 55° Fahrenheit, or 10° Reaumur. 


Deg. Sp. Gr. | Deg. Sp. Gr. ! Deg. Sp. Gr. ! Deg. Sp. Gr. 
Ov 4.0004. 24 Qwik 70 ¢ 42).4.. 1.414 | Chace tO 
SB s'd 6s OZO. | Dade: ay deBOO {Os 0s 1455.) 66004 ts 
6....1.040 QT... ib.230 748). ....1.500 | 69...stords20 
Gk 1.064 | $0cy 261 bead... . 1647 oh WBas <a Qa000 
12.4.» 1.GBSUbSS 2a 9295 GEGE SC. 1.594 
13 s.6-L 116) 360s 016336 ot +4 659 
18....1.140 1 39.... 1.373 | 60....1.717 


ADMEASUREMENT AND EFFECTS OF HEATY 


ee a 


1.—Correspondence between different Thermometers. 


FaurENueE!IT’s thermometer is universally used in this 
kingdom. In this instrument the range between the freezing 
and boiling points of water is divided into 180°; and as the 
greatest possible degree of cold was supposed to be that pro- 
duced by mixing snow and muriate of soda, it was made the 
zero. Hence the freezing point became 32”, and the boiling 
point 212°. 
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The Centigrade thermometer places the zero at the freezing 
point, and. divides the range between it and the boiling point 
Into 100°. This has long. been used in Sweden under the 
title of Celsius’s iiermesneter: 

Reaumur’s thermometer, which was formerly used in France, 
divides the space between the freezing and boiling of water 
into 80°, and places the zero at the freezing point. 

Wedgwood’s pyrometer is only intended to measure very 
high temperatures. Its zero corresponds with 1077° of Fah- 
renheit’s, and each degree of Wedgwood is equal to 130° of 
Fahrenheit. 

De Lisle’s thermometer is used in Russia. The graduation 
begins at the boiling point, and increases towards the freezing 
point. The boiling point is marked 0, and the freezing 
point 150°. 

Therefore 180° F. = 100° C. = 80° R. = 150° D.=55 W. 

1. To reduce centigrade degrees to those of Fahrenheit, 
multiply by 9 and divide by 5, and tothe quotient add 32, 


+ eek So Serie! . 
that is, ——— + 32=F. Another rule is given vol. i. p. 160, 
note. 
F, — 22x5 


2. To reduce Fahrenheit’s degrees to centigrade, ——y 


eau. 
3. To reduce Reaumur’s to Fahrenheit’s, we have the fol- 


; R. x 9 
lowing formula, ; - $2 =, 


F.— $2x4 


4. To convert Fahrenheit to Reaumur, 
5. To reduce De Lisle’s degrees under the boiling point, we 
D. x 6 

have F. = 212 — j 


P To reduce those above the boiling 
D. x 6 


point, F. = 212 + 
6. And, inversely, cb sot Fahrenheit’s degrees to De 


: 27° : 1060 — 5F. . 
Lisle’s, under the boiling point, --———: = D.; above the boil- 


6 
° ° F. x 5 — 1060 
ing pomt,.——— = DD: 


7. To reduce Wedgwood’s degrees to those of Fahrenheit, 
we have W. x 130 +1077 = F. 


8. Inversely, to reduce Fahrenheit to Wedgewood, = ees wns 
aw 
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Fahrenheit. 
mm 55 


TABLE OF THE EFFECTS OF WEAT. 


Table of the principal Effects of Heat. 
1.—Freezing Points of Liquids. 


Strongest nitric acid freezes (Cavendish) 
Ather and liquid ammonia 

Nitric acid, specific gravity, 1.424 
Sulphuric acid, specific gravity, 1.6415 
Mercur 

Sulphuric acid (Thomson) 

Nitric acid, specific gravity, 1.407 
Acetous acid 

2 alcohol, 1 water 

Brandy 

Strongest sulphuric acid (Cavendish) 
Common salt I part, water 3 parts 
Common salt 1, water 4 

Sal ammoniac 1, water 4 

Oil of turpentine (Macquer) 

Strong wines 

Iluoric acid 

Oils bergamot and cinnamon 


| Human blood 


Vinegar 

Milk 

Water 

Olive oil 

Sulphuric acid, specific gravity, 1.741 
Sulphuric acid, specific gravity, 1.78 (Keir) 
Strong acetic acid 

Oil of aniseeds, 50 (‘Thomson) 


2—~- Melting Points ef Solids. 


Equal parts of sulphur and phosphorus 
Adipocire of muscle 

Lard (Nicholson) 

Phosphorus 

Resin of bile 

Myrtle wax (Cadet) 

Stearin from hog’s lard 


| Spermaccti (Bostock) 


Tallow (Nicholson) 92 (Thomson) 
Bees’ wax 

Ambergris (La Grange) 
Potassium 

Bleached wax (Nicholson) 
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Fahren | Wedge. 


190 Sodium 
212 Bismuth 5 parts, tin 8, lead 2 
218. Sulphur (Dr. Thomson) 
234 Sulphur (Hope) 212 (Fourc.) i85 (Kirw.) 
235 Adipocire of biliary calculi (Fourcroy) 
283 Tin and bismuth, equal parts 
303 Camphor 
334 | Tin 3, lead 2, or tin 2, bismuth 1 
4AQ | Tin (Chrichton) 413 (Irvine) 
4.60 | Tin 1, lead 4 
476 Bismuth (Irvine) 
612 Lead (Chrichton) 594 (Irv.) 540 (Newton) 
680 Zinc { Davy) 698 ( Brogniart) 
809 Antimony 
8809 21 | Brass 
4.587 27-4 Copper 
AT17 22 | Silver 
5237 325 Gold 
ey 130 | Cobalt 
20577 150 | Nickel 
21637 158 | Iron 
21877 | 160 | Manganese 


23177 |+170 | Platinum, tungsten, molybdena, uranium, 


titanium, &c. 


3.—Solids and Liquids volatilized. 


21097 154 Soft nails 


96 Ether boils 
126 Bisulphuret of carbon boils 
140 Liquid ammonia boils 
145 Camphor sublimes (Venturi) 
170 Sulphur evaporates (Kirwan) 
176 Alcohol boils, 174 (Black) 173 (sp. gr. 800) 
22 Water and most essential oils boi 
219 Phosphorus distils (Pelletier) 
225 Water saturated with common salt boils 
230 Muriate of lime boils (Dalton) 
242 Nitrous acid boils 
248 Nitric acid boils 
283 White arsenic sublimes 
316 Oil of turpentine boils (Ure) 
540 | Metallic arsenic sublimes 
55% Phosphorus boils 
570 Sulphur boils 
590 Sulphuric acid boils (Dalton) 546 (Black) 
600 Linseed oil boils, sulphur sublimes (Davy) 
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Mercury boils (Dalton) 644 (Secondat) 
600 (Black) 672 (Irv.) 656 (Petit & Dulong) 


4,— Miscellaneous Effects of Heat. 


Greatest cold produced by Mr. Walker 

Natural cold observed at Hudson’s Bay 

Observed on the surface of the snow at Glas- 
gow, 1780 

At Glasgow, 1780 

Equal parts, snow and salt (or 3, or even 7, 
below 0°) 

Phosphorus burns slowly 

Vinous fermentation begins 

to 135, Animal putrefaction 

to 80, Summer heat in this climate 

Vinous fermentation rapid, acetous begins 

Phosphorus burns in oxygen, 104 (Gottling) 

Acetification ceases 

to 100, Animal temperature 

Feverish heat 

Phosphorus burns vividly (Fourcroy) 148 
(Thomson) 

Albumen coagulates, 156 (Black) 

Sulphur burns slowly 

Lowest heat of ignition of iron in the dark 

Hydrogen burns, 1000 (Thomson) 

Charcoal burns (Thomson) 

Iron red in twilight 

Iron red in day light 

Azotic gas burns 

Enamel colours burned 

Diamond burns (M‘Kenzie) 30 W. = 5000 F. 
(Morveau) 

Delft ware fired 

Working heat of plate glass 

Flint glass furnace 

Cream-ccloured ware fired 

Worcester china vitrified 

Stone ware fired 

Chelsea china fired 

Derby china fired 

Flint glass furnace greatest heat 

Bow china vitrified 

Plate glass greatest heat 

Smith’s forge 

Hessian crucible fused 

Greatest heat observed 
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Elasticity of Aqueous Vapour below 32° according to Dalton. 


3 3 ‘ 3 : 5 : 
g | Fs aes | g | $e gee 
SS wm Gp Ss uw op = wm Gy fg ww By, 
2 cas S cas Z og fk g este 
g ee g gag E gee E 28 § 
& ges a g 28 B ane] = mg 
Oo C ° fe) moO 
-40°! 0.013 0.076 | 14°] 0.104 || 23°) 0.144 
-30 | 0.020 0.079 | 15 | 0.108 | 24] 0.150 


0. 100 22 | 10.139 (1°31 0.193 


4 | 0.074 || 13 


LTalle of the Force of Aqueous Vapour above 32° Fahrenheit. 


(from Dr. Thomson’s Chemistry, 6th edition, i. 61.) 


Force of vapour in inches of mercury. | Force of vapour in inches of mercury 


Tempe- Tempes 

rature, eee Dalton. | Ure, [eer rature. yee | Daiton. | Ure. ORs Sam 
32° | 'O:0') 0.260-" 0.200 0.16 |} 56° *| 0.4.58 

30 0.207 ai 0.474 

34 0.214 58 0.490 

S35 0.221 59 0.507 

36 0.229 60 | 0.35} 0.524] 0.516 

oT 0.237 61 0.542 

38 0.245 62 0.560 0.52 
39 0.254 63 0.578 

40 | 0.1 | 0.263} 0.250 64 | - 0.597 

41 0.273 65 0.616 | 0.630 

4:2 0.283 0.23 || 66 0.635 

43 0.294 67 0.655 

44: 0.305 68 0.676 

45 0.316 69 0.698 

46 0.328 70 0.55 | 0721 | 0.726 

4,7 0.339 71 0.745 

48 0.351 72 0.770 | 0.73 
49 0.363 73 0.796 

50 | 0.2 | 0.375} 0.360 74 0.823 

51 0.388 75 0.851 | 0.860 

52 0.401 0.35 || 76 0.880 

53 0.415 ca 0.910 

54 0.429 78. 0.940 


55 0.443 | 0.416 0.971 


* A Table for practical use is given by Mr, Philip Taylor, Phil, Mag, Ix, 452, 
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Table continued. 


ec ssnae nti e S RS SR S TTR SE SRT 


Force of vapour in inches of mercury. Force of vapour in inches of mercury, 
Tempe- 


rature. 


Tempe- 
rature. |Robison.| Dalton. Ure. | Southern. 


Robisans) Dalton. | Ure. Southern. 


° 
— ied 


—_— 


rpc ee) en 


so°| 0.82} 1.00 | 1,010 128° 4.11 

8] 1.04 129 4.22 

82 1.07 1.02 || 130 | 3.95| 4.34 | 4.366 

83 1.10 131 4 AT 

84. 114 132 4.60 4.71 
85 IF? 1 PaO 133 4.13 

86 1.21 134 4.86 

87 1.24 135 5.00 | 5.070 

88 1.28 136 5.14 

89 1.32 137 5.29 

90 | 1.18| 1.36 | 1.360 138 54 

91 1.4.0 139 5.59 | 

92 1.44 1.42 || 140 | 5.15] 5.74 | 5.770 

93 1.48 141 5.90 

O4 1.53 142 6.05 6:10 
95 1.58 | 1.640 143 6.21 

96 1.63 144 6.37 

97 1.68 145 6.53 | 6.600 

98 1.74 146 6.70 

99 1.80 147 6.87 

100 | 1.6 | 1.86 | 1.860 148 7.05 

101 1.92 | 149 7.23 

102 1.98 1.96 || 150 | 6.72| 7.42 | 7.530 

103 2.04 | 151 7.61 

104: 211 | 159 7.81 7.90 
105 2.18 | 2.100 153 8.01 

106 9.25 154 8.29 

107 9.32 155. 8.40 | 8.500 

108 2.39 | 156 8.60 

109 246 | 157 8.81 

110 | 2.25| 2.53 | 2.456 | 158 9.02 

Ti 2.60 159 9.24 

112 2.68 266 || 160 | 8.65) 9.46 | 9.600 

113 2.76 161 9.68 

114 2.84 162 “| @.on 10.05 
115 9.92 | 2,810 163 10.15 

116 3.00 164 10.41 

117 3.08 165 10.68 {10.800 

118 3.16 | 166 10.96 

119 3.25 167 11.25 

120 | 3.0 | 3.33 | 3.300 168 11.54 

121 3.42 169 11.83 

122 3.50 3.58 || 170 {11.05 12.13 {12.050 

123 3.59 lige 12.43 

124 5.69 172 12.73 12.72 
125 3.70 | 3.830 173 13.02 

126 3,89 174 13.32 

127 4.00 | 175. 13.62 |13.550 


pene ei 


Tempe- 


rature. |Robison. 


176° 
wire 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
205 
207 
208 
9209 
210 
211 
212 
213 
214 
215 
216 
216.6 
ONT 
218 
219 
220 
Q21 


Foree of vapour in inches of mercury. | 


14.05 


17.85 


(NS) 
bo 
(ep) 
b 


39.0 


Dalton. 


13.92 
14.22 
14.52 
14.83 
15.15 
15.50 
15.86 
16.23 
16.61 
17.00 
17.40 
17.80 
18.20 
18.60 
19.00 
19.42 
19.86 
20.32 
26.77 
21.22 
21.68 
Z243 
22.69 
23.16 
23.64 
24.12 
24.61 
25.10 
25.61 
26.19 
26.66 
21620 
27.74 
28.29 
28.84 
29.41 
30.00 
30.60 
Fa Bd 
BSS 
32.46 


Oo.00 
Gone 
34.35 
3409 


BOO 


H E A fe 


Table continued. 
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Force of vapour in inches of mercury. 


Tempe 
Ure. | Sonthern.|| rature. eaeny Dalton. | Ure. fcclsabags 
221.6° 36.700 
i229 36.25 
293 36.88 
294 B13 
15.160 (225 38.20 (39.110 
226 38.89 
16.01 226.3 40.100 
221 39.89 
£28 40.30 
16.900 229 41.02 
230 44.5 | 41.75 43.100 
2205 43.500 
731 49.49 
232 4:3 24: 
19.000 Zoo 44.00 
234 4.4.73 
90.04 1234.5 46.800 
255 45.58 |47.220 
236 46.39 
Z1.100 237 47.20 
238 48.02 
238.5 50,30 
239 48.84 
240 54.9 | 49.67 | 51.70 
23.600 942 53.60 
245 53.88 | 56.34 
24 61 1248.5 60.40 
250 66.8| 58.21} 61.90} 60.00 
255 62.85 | 67.25 : 
25.900 260 S023 | 67.70% 72.50 
igs 255 72.76 | 78.04 
270 | 94.1] 77.85! 86.30 
215 83.13 | 93.48 
280 = =|105.9] 88.75 |101.90 
28.880 285 94.35 
285.2 112.20 
30.000) 30.00 {i290 100.12 |120.15 
293. 120,00 
295 105.97 1129.00 
300 111.81 |139.70 
305 117.68 |150.56 
33.40 310 123.53 |i61.30 
312 1166.25 
320 135.00 
330 
35.540 340 
343.6 | 240.00 
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Table of the Elastic Forces of the Vapours of Alcohol, Oil of 
Turpentine, and Petroleum or Naphtha, in inches of Mercury. 
By Dr. Ure. (Phil. Trans. 1818.) 


Alcohol (sp. gr. Alcohol (specific gravity 
813.) 


Petroleum. 


0.813.) 0. 

rem. |FweEOE | temp, | Beef | temp, | Ea 
32 0.40° 193.3° 46.60° 316° 50.00° 
40 0.56 196.3 50.10 320 31.70 
45 0.70 200 54.00 325 $4.00 
50 0.86 206 60.10 330 36.40 
55 1.00 210 65.00 335 38.90 
60 1.23 214 69.30 340 4.1.60 
65 1.49 216 72.20 345 44.10 
70 1.76 220 78.50 350 46.86 
75 2.10 225 87.50 355 50.20 
80 245 230 94.10 360 53.30 
85 2.93 232 97.10 365 56.90 
90 3.40 236 103.60 370 60.70 
95 3.90 238 106.90 372 61.90 
100 4.50 24.0 111.24 375 64.00 
105 5.20 244 Yl 8.20 O11 of Turpentine. 

110 6.00 24.7 122.10 

115 ”.10 I43 126.10 Temp. Force. 
120 8.10 249.7 131.40 304° 30.00° 
125 9.25 250 132.30 307.6 32.60 
130 | 10.60 252 138.60 310 33.50 
135 | 12.15 254.3 143.70 315 35.20 
140 | 13.90 258.6 151.60 $20 37.06 
145 | 15.95 260 155.20 322 37.80 
150 | 18.00 262 161.40 326 40.20 
155 | 20.30 264 166.10 330 42.10 
160 | 22.60 336 4.5.00 
165 | 25.40 340 47.30 
170 | 28.30 343 4.9.40 
173 | 30.00 347 51.70 
178.3| 33.50 350 - §3.80 
180 | 34.73 854 56.60 
182.3| 36.40 357 58.70 
185.8| 39.90 360 60.80 
190 | 43.20 862 62.40 
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Table of the Expansion of Air and other Gases (supposed dry) 
by Heat. By Mr. Datron.* 


Fahren. Fahren. Fahren, 


3Z .... 1000 59 ssve 1064 86.2.8 L123 
3S ..2- 1002 60 .... 1066 BT oes WLS 
34 .... 1004 GT 3 1069 8B a's APZS 
Sans. LOOT C2 ee ts PORE Hh BOs 
90 sos. 1009 635... 1093 A aes 
of 366% 1012 64. .66. 1075 Die se ogy EhOe 
38 «2... 1015 erecta: 3) a) Do ans oe 
39 ‘«ee6 1018 G6... 54 1080 93 ..4. 4133 
40 £2. 1021 67 «es. 1082 94 saa,» 1140 
41... 1023 68.1, 1084 95... 1142 
42 oe ts 2025 69) i. 6/1087 96 .... 1144 
43 «2. 1027 TO ves 1089 Od wees. LIGG 
44 .... 103 71 s.4s 1091 ste eae Ob > 
1S oes POoe Ta ee 1008 99-3 50 L150 
EG. cn Oe ie male wortat a ie) 100-3... 1152 
NP in Se TE 09.90. 1097 EPO 3 ETS 


TS 60+ BOGS 1D ses LOPS 120) sre ee EOS 
4S SEO) OA ON 16. Ag adis 
50 e@ocee 104% 7 @ 266 1104 140 eee 1235 


5b) wea: 1085 180 Fs bp L1OG 150:..s«¢ 1255 
52 0. 4 1047 19 5 oes 1108 bGOio scesin dea 
DOs. 4's FOSG 80> 4.44).1470 170 .... 1295 
5458 ead 052 81.006 1112 180) stascd oro 
55 6% 1055 82 2.48 1114 190 ..06 1334 
56 40ene 1087 3 vs F116 200 ..4 s6 1354 
57 *s. 5s 1059 84 ...e 1118 210 -v.. #3: 1372 
58 2. es 1 O62 85a. 11g) 912+... 6 1376 


* The numbers in the Table are derived from the results of Mr. Dalton’s 
own experiments, which give 1-483d part for the expansion of air by each 
degree of Faht. between 32° and 212°. Gay Lussac found that 100 volumes 
at 32° become 137.5 at 212° Faht. which gives 1-480th for each degree of 
Faht. (Annales de Chimie, xliii. 170.) The same law he afterwards 
ascertained to extend to condensible vapours, when excluded from contact 
with the liquids which afforded them. 
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Table of the Expansion of Liquids from 32° to 219°, their bulk 
at 32° being supposed 1. 


| Dilatation bie in 


Liquids. Authority, in Decimals. yale. frac. 

Muriatic acid (sp. gr. 1.137) | Dalton ..,..... | 0.06000 | +> 
Nitwbe aera (sp. gre 1.20) anel Pitto .. dea J. OI1000- oe. 
Sulphuric acid (SP. aie 85) AVEO si 0.06000 |. 1, 
FCB, 5 connie. 0» olede RCL OMEEO . oye as as 0.11000 4. 
Water oe. sacs... cee eke eae DUG. cages od 5 eg oe 
Water saturated with com- ) Diliaretbeeoeheons | 0.05000 | -*, 

Hag SAle sls. eels hae 5 z 
Sulphuric ether. 7 |. sho Ixia: DEO sot, eee 0.07000 | +3, 
Fume Oils. Sao: ate aah ee ee 178 ea nA a 0.03000) | + 
Oil ‘6f tirpentine’™®. .5... PS Witte: 00, wn cd 0.07000 (3, 
MEEROURY 52 to Sn. oy ee DitO BL. Ok. 0k | 0.02000 | xy 
Dither th cat. . AR. WO Se Ld. C. Cavendish’ 0.01872 | =, 
Dipset th SG. ce Shuckburgh, &c. | 0.01852 | 31, 
Ditéol LL ...5,. Bi an ieiGen Tepe... 3506 0.01680 = 
Dittes Rh kid iow. ade ae Haellstroem ....] O.O1758 | gi. 
Dittaet bc Bes eee Seas Lalandeég<. 2564 0:01500. © j.gt> 


Dittoy fy. 3.056 > geen ate! ani entand Dulong. 012 


Dr. Young’s Table of the Expansion of Water from the Expe- 


riments of Gilpin and Kirwan. 


N. B. Denoting a degree of Fahrenheit’s Thermometer, by f 
the expansion of mdien. reckoning either way from + 39°, is near ly 
represented by 00000 99 Sir 000000004353. 3 


Temp. Observed expansion. Calculated. 
G0 Ar. OR I. ES B00 2 ie ae cr 00018 
32 G QOOKS Ba on. PRG QO01 1 
SEG. ie bed t 00006 be ee 00005 
BO Mere. LOS eds OUQ0O'S si. 4 . note 00000 
MON) ae tree es |e OCR OG ne atthe 00005 
PC ARE EERE | COCR bs ae ca. . 00018 
AO Gta, or OO0Z......... 000 
54. G SUG tte llat Reptesdets 00048 
Ose Gi hte aa ra OOOO MES Oe. : 00084: 
64 G OOUBSs EUS Me: 00130 
69 G hd. Pe. OOLSSi x. .e0 eld 00186 
nN Sa OT, OOZ Gd is 63 eis97 tetedice 00251 
LO: Rage “peenin Seay Bee QO SEES ditvethe- hae 00326 
OO oa Rete 02 0) ee eae 00513 

DADO) fas: sie w'w Auge as tec 00692 00720 
| OES CS ea re OOT6O. cae 6 ean 00763 
MPO es ae cs ss ORZ5S *... - acumen 01264: 
ae OLB SG. :veteca ate 01859 
UGE no ge aie ee 5 aera es esac kg 02512 
BO ay reheat FU0/ Lio Sala ea Ae 03219 
B02 Gis pease SOROUE Sha eae -. 03961 


2G... was WOPSSS pees. an ROMGES 
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Table ly De Luc, exhibiting the Degrees marked upon Ther- 


mometers filled with different Liquids at the same Tempera- 
ture. 


N. B. To comprehend the meaning of this Table, it must be 
understood that different thermometers (each filled with the 
particular fluid marked at the tops of the columns, and each 
being divided into 80 equal parts between the freezing and boil- 
ing water points), are placed with their bulbs in the same 
vessel full of water, and that the water is gradually heated. 
‘Then when the mercurial thermometer is at 5°, 10°, 15°, &c. 
the surfaces of the fluids in the other thermometers will be 
found at the degrees which stand on the same levels. For 
instance, when the mercurial thermometer stands at 40°, the 
water thermometer will be found at 20.5°; the spirit thermo- 
meter at 35.1°; the oil thermometer at 39.2°, &c. 


{ 


| ute Essential Beer al {Alcohol capa- Water sata- 
Mercury. | Clive oil. | cil of of thyme. ble of firing , rated with | Water. 

| chamomile. gunpowder. | common salt. 
Eee F802 wuihyGOke is80.”.. So Santun Sad 
75 | 74.6 74.7 74.3... | "7368 74.1 71.0 
70 | 69.4 69:5 |" 68.8 67:8 .|, 64 62.0 
65 | 64.4 64.9 8 68.5. OIILGL GS - «| . 6216 53.5 
60 | 59.3 | 59.1 58.3 5602 15 BU 45.8 
GRITS DO BS. BH MARS 50.7 +) GEA 38.5 
50 | 49.2 | 48.8 | 48.3 45.38 | 46.6 32.0 
£5 ba 0) - 49:6°° ) 434°)" 40,2 + °4T 96.1 
40 | 39.2 38.6 °° °| BB ide 853 | 36.3 20.5 
35° | 84.2 | °33:6° -| 988.5 20.3 | 313°!) 15.9 
20 4 OG 2 28.7 250 ists 6 |  SGeas tee 
25 | 94.3 | 23.8 93 Sen, GOV.O- — |, YEO pte 
20 5) A9Se') 18.9 LO. Ober $h6.5..0. |. LS | 4.1 
15 | 14.4 14.1 14.9 phpoth2.2 «14.128. . eS 
10 9.5 9:9 unde HIF TO. re Ss 0.2 
5 4.7 4:6. |... 4aaetaradig.o 42 0.4 
0) 0.0 0.0 «1°. OO 0.0 0.0 0.0 

<i $0 | | et-gigtt ti bpen 7 | 

10 (i | | ar S80 
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Table of the Expansion of Solids by Heat. 


N. B. The linear expansion by being heated from 32° to 212° 
Faht. is here to be understood. ‘The expansion in volume may be 
learned by multiplying the decimal quantities by three, or dividing 
the denominators of the vulgar fractions by three. 


Substanees tried. 


Dilatation 
in Decimals, 


Dilat. 
in 


+ the original |vulgar 


length. fract. 

PENOUMONY = 4. 5 os ae PIMCOEOW og ears cs eee 1.00108300 | 54s 
Bismuth: 8. oe Fo os ile sgelanerett Medaka 1 .00139200 | ++. 
Braves 2 salioety. EL aS Lavoisier and Laplace |1.00186671 | 3s 
mem- CASE... 60. ear emeaten..sle. Lec .«{1.00187500 | s4= 
m—— WIFE 2. cee cee DIUUCO os bs see Fe aaask 1.00193000 | s+5 
Tse hee ees THO occ eck a eeiecurtere 1.00190800 | +4 
Copper: 768. WEP Ee! Lavoisier .......... 5. (1.00172244 | sar 
hammered ....!/Smeaton ............{1.00170000| 3+ 

ee ae Petit and Dulong.....|1.00171821 | sez 

i re tube wi ue Lavoisier pc seis jlewe .. |1.00087572 rater 

ead (crown) .... 

white barom. [Smeaton ..........6. 1.00083000 |av'o+ 
meee General Roy ........{1.00077615 [res 
om TOD Si ce ee ees IDO =. os. 1 oss Te 1.00080787 |a2's+ 
—— English flint ....|Lavoisier............ t 00081166 |r2'se 
aS" CTOWI. oo. Ss SORE |) 0 ROR EROS ONT 1.00089760 |aa4r+ 
tube shit: ko. Petit and Dulong. ....|1.00086130 |r 
Ce eta Warslennr ci ty Beg 1.00155155| sts 
Pure war.» o.. Hy Ditto. 85:3 oes Cah .- |1.00146606 | +3> 

POR 6b sk PR ee Smeaton ...... eee eo {1.00125800 | +35 
Dis 1 cs ew ey Petit and Dulong ....|1.00118203 | s4< 
cast (prism) ....|General Roy ........ 1.00110940 | 53+ 
hammered ...... Lavoisier... .0<% ».~|1.0012204-5 | ats 
eectetenes UES 8 ve oop Ue aes DEO. oo aks ss «se ..|1.00123504 | 24+ 
Beye ee ae eee DittO.. ess ss axe »- |1.00284836 | 33+ 
Ditto. ceo3ee.. eas MMCAIGE GE Fiwie fas 1.00286700 | 346 
Pewter, fi. ..65.00 3 WING ee ac ed Piped 1.002283 ait 
Pafladiuni's: f+ 0.35.28. Wollaston > 5. 5287s 1.0010000 |4ssa 
Plating iS boss. fe Troughton’ .... 6750s. 1.000991 80 jive 
Ditto So Sac ce HOMG FR Was bas MO Os 1.00085655 le + 
Dito  .ne ore es Petit and Dulong.....|1.0088420 |+4!s+ 
Silver, Paris standard. ,|Lavoisier............ J .00190868 | =1+ 
Ditto >. no. roe ee Troughton .......4s..|1.0020826 | 13+ 
Solder, soft (lead 2,tin 1)|Smeaton ...........6. 1.0025080 | 32+ 
ae a Dilan. hoes .. {1.0020580 | <i> 
Speculum metal ...... CCD Sang ae 1.00193300 | +4, 
Steel, hard .......... Lavoisier... 24.4% oo ++ {1.00107875 | 3— 
m—— ditto we. cee ee Smeaton 5 ies ese. »(1.00122500 | 4, 
—— soft........ ey HRA OISICR ee Se like 1.00107956 | 53+ 


co emmaasal tempered ek ee MW Cree oeeoie cae 1,00] 23956 UF 
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Table continued. ; 
Tin; “Pamouc ~ ec. |Uavoisiey..~. coe. . <c.. ho0199765| + 


—— Malacca........|Ditto............... |1.00193765 
Gia fo vaaieeommeaton ...... bs os +s |L-00248S00) 
LING: oe es cs hs s SOOT aerg st, 11 .00294200 | 345 


cee a peas Ditto. 00. oseeee+ + (1400801100 | #3 
Tables, exhibiting a collective View of all the Frigorific Mix- 
tures contained in Mr. Walker’s Publication, 1808. 
(Communicated by Mr. Walker.) 
1.—Table, consisting of Frigorific Mixtures, having the Power 
of generating, or creating Cold, without the Aid of Ice, suf- 
Jicient for all useful and philosophical Purposes, in any-Part 

of the World at any Season. 


Frigorific Mixtures without Ice. 


Deg. of cold 
MIXTURES. Thermometer sinks. produced. 


Muriate of ammonia.. 5 
Nitrate of potassa.... 5 
Water @eeeovseernee e080 2 16 


-Muriate of ammonia.. 5 parts i 


parts ; 
From + 50° to + 10° 40 


Nitrate of potassa.... 50 ° 
Sulphate of soda .... 8 ba actors gate “ 
RCL Fae. Pua ts Ae 16 
Nitrate of ammonia... 1 part Bs a rr 
WV ALOE, ooo cae ctenk | From +"50° to’ + 4 = 
Nitrate of ammonia... 1 part i 
Carbonate of soda.... 1 From + 50° to — 7° _ ot 
Witter iecceore: ae b 
Sulphate of soda,..... 3 parts | : an o » 
Diluted nitricacid ... 2 Reseach: I Con 918 aad 
ais Se a ea ee ae Pe ate Oauneenetetnatemteetaemete en oem nial 
Sulphate of soda...... 6 parts | | 
Muriate of ammonia... 4 ty = a 
Nitrate of potassa.... 2 ee a0 
Diluted nitric acid.... 4 . 
Sulphate of suda...... 6 parts 
Nitrate of ammonia .. 5 From + 50° to — 149 64 
Diluted nitric acid,... 4 { 
Phosphate of soda.... 9 parts ae 56 
Diluted nitricacid.... 4 | Betee fou teats ss 
Phosphate of soda.... 9 parts 
Nitrate of ammonia... 6 From 56° to — 219 ir ae 
Diluted nitric acid... 4 
Sulphate of soda,..... 8 parts . O 6 
Mariatic acid. ........ 5 Eee © se 
Sulphate of soda...... 5 parts _ oe o |* A 
Diluted sulphuric acid. 4 ia Ae Ste ie i 


N. B.—If the materials are mixed at a warmer temperature, than that ex- 
pressed in the Table, the effect will be proportionably greater; thus, if the 
most powerful of these mixtures be made, when the air is + 85°, it will sink 
the thermometer to + 2°, 


VOL. 41. 9 8 
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2.—Table consisting of Frigorific Mixtures, composed of Tee, 
with chemical Salts and Acids. 


Frigorific Mixtures with Ice, 


Deg. of cold 


MIXTURES. Thermometer sinks. produced. 

Snow, ‘or pounded ice. 2 parts ion | i 
Muriate of soda....... 1 © : 
Snow, or pounded ice. 5 parts = ' 
Muriate of soda....... 2 e to — 12° y 
Muriate of ammonia.. 1 i \ 

Snow, or pounded ice. 24 parts : 

Muriate of soda....... 10 i to Pee * 
Muriate of ammonia... 5 S 

Nitrate of potassa...: 5 fs | 

Snow, or pounded ice. 12 parts ¢ 

Muriate of soda .....° 5 4 to — 25° . 
Nitrate of ammonia .. 5 

SHOW Gos cdiaei as .. Sparts | Sa A | . 
Diluted sulphuric acid. 2 | mink ae | “4 
SOOWS .20.%555 008 ~os at Sipartsdd 4 ro | 

Muriatic acid’ ...0.. 655 | me aed aor si 
SNOW. ..0 6 ccs+s4 eroaus = 7 parts xe g > 

Diluted nitricacid.... 4 | Binet er We av oe 
SOOW a) 5. 5 totes scow & paris ji ae 

Muriate of lime....... | POEs Cee =. | big 
SDOW s. 2. 6a sive o cine'es s 2 parts 2, cae Roms 9 
Cryst. muriate of lime. 3 hie Regi eee us 
Snow .....eseseeee-es 3 parts : . : 

POtasea a. che <4 o's ne ret ee oe | ae 


N. B.—The reason for the omissions in the last column of this Table, is, the 
thermometer sinking in these mixtures to the degree mentioned in the preceding 
column, and never lower, whatever may be the temperature of the materials 
at mixing. 
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3.—Table consisting of Frigorific Mixtures selected from the 
foregoing Toniecs and Papioned, so as to increase or extend 
Cold to the extremest Degrees. 


Combinations of Frigorific Mixtures, 


Deg. of cold 
MIXTURES. Thermometer sinks, produced. 
Phosphate of soda.... 5 parts 
Nitrate of ammonia... 3 From 0° to — 34° 
Diluted nitric acid.... 4 
Phosphate of soda.... 3 parts 
Nitrate of ammonia... 2 From — 34° to— 56° 
Diluted mixed acids .. 4 
Scow..... RI oF es | © ta — 46° 
Diluted nitric acid.... | ee as 
SOW afore apes a o-ds «creas S parts 
Diluted sulphuric acid. From — 10° to — 56° 
Diluted nitric acid.... 
SHOW os 628 9:5 cleie 08s 01 part 3 5 
Diluted sulphuric acid, | as hed = 
HW Gswiss eve eo 2 paits | From + 20° to —48¢ 68 
Muriate of lime ...... 
SOW. o's teases s 5 p arts e 
Muriate of lime.... .. Weeds es De ies Sei is 
BROWS eh oo cei, 00s a From — 15° to— 68° 53 
Muriate of lime...... 
SHOW sss. o/c a< 6 eeanee a part is 
Cryst. muriate of lime eer || Reon Bios eee [--- soieto = 
at pa part Feet 40° 16: == 15 are 33 
ryst. muriate of lime 3 
GROW 5 Mace. aan 8 parts | : © ° 
Diiuted sul phuri ic acid. 10 ee ee a1 ioe 


N. B.—The materials in the first column, are to be cooled, previously to 
mixing, to the temperature required, by mixtures taken from either of the 
preceding tables, 
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Table of the Solubility of Salts in Water.* 


Solubility in 100 Parts 


NAMES OF SALTS. | Water. 
At 609 | » ae @tgo 
ACIDS. 
OEIC TS Ge ss cies 6 Vets Oe Raa 150. 
Bee acd nassemasgmarenaliesta ach auiues cc 0.208 A.17 
TROEACIO os co 6 se cae eos g. 
CaMPDONICViewiesscesents sas |) IMG OL 8.3 
Chtri@ es : 254 wenn tee OF eee, 133. 200. 
Ge eae oe eennnres 8.3 66. 
NiWeigs.>. » + 4 +:stese aqane Oats a Gaede 0.84 1645) 
MipleDdeUiCdiciinan > Bes éa'5 6404's 0.1 
OSS. BOUTS sca es oanae +. 4 
Re TWIG Y2) 11 6 Maha br ee or aL ae oO 0.69 50. 
SUC OMMC ticiects ts che Greate ce: A. 50. 
DAavtariC, ..4... ose sneess vse eo ff V ClyesOl nme 
SALIFIABLE BASES. 
Daye oo oe Ne ee ee ee 5. 50. 
CVS ged ans oe ays 57. Unlimited. 

Bis a 2 peb rd pig ke URE ad tess G2 
Potaage oa. s CRU ooeae | VER somble 
SOGG seer ceri ese wet do. 
Strontia i fs30'. 2 et ee wai 0.6 

| CTUSTAIN IEC bo gene cree ns « 1,9 50. 

SALTS. 


Acetate of ammonia,......... | Very soluble 


DAEVUL ie sas a ous do. : 
BUNS Sie oaeeite. « ore aos as do. 

THAOTICSIA css sie o.0% do. 

WOUASSA cath as oles ahs 100. 


* This Table, from the impossibility of finding sufficient data, I am 
aware is very incomplete; and, in several instances, I have little doubt that 
the degrees of solubility assigned are erroneous. The subject requires in- 
vestigation, and, if properly pursued, would no doubt furnish many impor- 
tant results. A very successful beginning has been made by Gay Lussac, 
See Ann. of Phil. vol. xv. 
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Lable of the Solubility of Salts in Water,—Continued. 


Solubility in 100 Parts 


NAMES OF SALTS. Water. 
At 60° | At 21¢° 


SALTS. 
Acetate of soda, 9.45 00+ 04% s0«,. | Verysolnble 
SUPOM scented ds wave 40. 
Carbonate of ammonia........ + 30. 100.! 
DAYAR ads roe Tnsoluble 
Te Shs os ota cae do. 
MAGNESIA « 24640 0.04 0.01111 
POtassa s .ceseeee 25% 
SOM IK: oa ads tae 50. + 100. 
SEMBAING 656 2 es van Insoluble 
Camphorate of ammonia ...... 1. Tae 23. 
DOEVER 6 ws 6 «5 . 0.16 
TOG. . aed sxe O:5 
potassa...csoes 33. + 33. 
Citratenol sodas <2) i006 cis oes 60. 
Pimleis GO bs; da v.46 Insoluble 
Chiogate of Garyia.. 58... 4. i 25. + 25. 
MEFKCULYO 06.05 bas 25. 
Potassa sesseveves 6. 40. 
SOCINSA Boat oicls ews use Bbe + $5. 
Chioride of bariuni J s. «4 sso ss 34. 59. 
Pent. 5 O04 és Avaes 4.5 
Iie oi etiheks a. ads 200. 
MACNESIAM .. <i. 4» 160. 
INCPCULV 15. 0 o sie sas 5. 50. 
POtASS MIB. c.c)s) 082 34. 5) 
SEDUCE 6 tye ess 5 doco OF ee 
SOCWENT 2. 5c oh coe 35.42 40. 
StPORtIACOG ss cis a 150. Unlimited 
Muriate of ammonia......... , 33. 100. 
Nittate of antmonié.4%.... ccs e6 50. 200. 
Olek eee | eee Aare 8. 25. 
lime ... 64 Rey eee 400. 
MAGNESIAG .... «6. ae 100. 4+- 100. 
POUiSSAr sce. dae 6 e's 14.25 100. 
BOG aay ie: Ree nee 33. + 100. 
SEROMA: cp vo omen bie iere 100. 200. - 
Oxalate of strontia. ..,..0000% Os 
Phosphate of ammonia........ 25. -- 25. 
DAEV Pe we 64 oo 0 0. 0. 


| Cana te ar an 0. QO, 
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Table of the Solubility of Salts in Water,— Continued. 


Solubility in 100 Parts 


NAMES OF SALTS. Water. 
ae ee) ee 
SALTS. 
Phosphate of magnesia. ...... - 6.6 
potassa . ised om - | Very soluble 
SOUR Ae Pen diss a0 25. 50. 
StPOMUA Monies 0s 0. 0. 
Phosphite of ammonia ...... “s 50. + 50. 
DAP YER... ss is hk 0.4: 
POtASSA . 5.6. eseae 33. + 33. 
Sulphate of ammonia ........ 50. 100. 
bar yet hewih esiss «a 0.002 
copper Wes csan -e : 25. 50. 
WOR. Bia? ose 6 a . §0. + 100 
lead? Ose ake 02% 
TENE). fetes 0:6 ows bs 0.2 0.22 
FAAOHOSIAIS 2.44 sls oo 4 100. 644. 
Potassa ...ceeevee 10. 26. 
Oe. Oh sake as 37. 125. 
SONA .AG- 2.00.5 os 0. 0.02 
Sulphite of ammonia ........ 100. 
Time? 2..Bels. safer es 0.125 
INAGNESIAL os nts ov 5. 
POtASSA 4. ceceeees 100. 
soda *:.) BOY sc01. AiG 25. 100. 
Saccholactate of potassa ...... 2. 
SORE Ss Bike 6 20. 
Sub-borate of soda (borax) .... 8.4 16.8 
Super-sulphate of alumina and 
potassa (aluni)-Gi. 62 .3...- Ps 5. 123; 
potassa . .... 50. + 100. 
Super-oxalate of potassa ....... 10. 
tartrate of potassa....,. Le ook 
Tartrate of potassa .¢.....).. es 25. 
and soda... 20. 


antimony and potassa 6.6 33. 
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Table of Substances soluble in Alcohol. 


NAMES OF SUBSTANCES. | Tempera- | 100 Parts Al- 
ture. _|cohol dissolve. 
Rectatetor copper... 60h. ee Synge 76" 7.5 
COG terete ig acai LG: 46. 
Arsenate of potas$a a, ss i000 +05 + do. 3.75 
GO Cid ae wieccane sasea cates do. 1.7 
BPSCCO ius, Gin: oh oo eyes Ss earae K do. 20. 
OR aati onl cla by, Sache wie oa gatees do. PS: 
Murlate of ammonia. <. .... a s0« a. do. vie 
SIO sos a» cite nd tues @ 541° 100. 
COMPO) hoo seb sna te gah 176" 100. 
VOM Se gc eee ce eA a 176° 100. 
WO Ae Se eo aes eS do. 100. 
WIAGWESIO Ga, Thy ine 4 do. 547. 
MCFCUPY ceeesesceess 88.3 
BOG er nc dscisaiweagiaen? 544° 100. 
Nitrate of amaimoniaics ac < sisea ie ainea 176° 89.2 
SUMAN a arias astaaaetl |< See 100 
COU ect nn Veouaanm | . fe: | =O. 
MONG ee cs hc ee AA REE | 125. 
POUISSA ocak s noe a Bosrae 176° 2.9 
Si er. do. 41.7 
UCCIIS AOU. ais ea oie eons, do. as 
Siigary BERNER: 5.6/5 sida cco nines do. 24.4 
Super- oxalate of potassa.......0e Ba <¢ 
Tarirate Of petess@ i oo oisiatsuse ab 0.04 


OTHER SUBSTANCES SOLUBLE IN ALCOHOL.—AII the acids, 
except the sulphuric and nitric, which decompose it, and the 
phosphoric and metallic acids.— Potassa, soda, and ammonia, 
very soluble. Soaps; extract; tan; volatile oils; adipocire; 
resins; urea. 

SUBSTANCES INSOLUBLE, OR VERY SPARINGLY SOLUBLE, in 
ALCOHOL.—Larths; phosphoric and metallic acids; almost 
all sulphates and carbonates; the nitrates of lead and mer- 
cury; the chlorides of lead, silver, and sodium (the last, per 
Chenevix, sparingly soluble); the subborate of soda; the tar- 
trate of soda and potassa, and super-tartrate of potassa; fixed 
oils; wax; starch; gum; caoutchouc; woody fibre; gela- 
tine; albumen, and gluten. 
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Table of Incompatible Salts.* 


SALTS. INCOMPATIBLE WITH 


1. Fixed alkaline sul- ( Nitrates of lime and magnesia. 
phates ............ UMuriates of lime and magnesia. 
i Alkalis, ; 
2. Sulphate of lime.... 2 Carbonate of magnesia, 
Muriate of baryta. 
( Alkalis, 
} Muriate, &c. of baryta, 
. Nitrate, muriate, carbonate of lime, 
| Carbonate of magnesia. 
¢ Alkalis, 
4. Sulphate of magnesia 4 Muriate, Xc. of baryta, 
Nitrate and muriate of lime. 
Alkalis, 
5 Sulphate ofiron.... 2 Muriate, &c. of baryta, 
Karthy carbonates. 
Sulphates, 
6. Muriate of baryta. ..\ Alkaline carbonates, 
Earthy carbonates. 
Sulphates, except of lime, 
7. Muriate of lime .... 4 Alkaline carbonates, 
Carbonate of magnesia. 
‘Alkaline carbonates, 
Alkaline sulphates, 
Alkaline carbonates, 
9. Nitrate of lime ..... 2 Carbonates of magnesia & alumina, 
Sulphates, except of lime. 


e Aliggy.< «sages ee 


cs 


8. Muriate of magnesia. 


Talle of Equivalents. 


In the following Tuble of Chemical Equivalents, which, under 
another view, may be considered as denoting the relative weights of 
the atoms of bodies, hydrogen is expressed by 1, and other bodies 
are referred to it as a standard. This appears to me more conye- 
nient than the employment of oxygen as the unit of comparison, 
because all bodies lighter than oxygen are, in the latter case, ne« 


* That is, salts which cannot exist together in solution, without mutual 
decomposition. Thisincompatibility, however, it is to be understood, exists 
only in solutions of acertain density. 
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cessarily expressed by fractional numbers. It is easy, however, to 
reduce the one scale to the other by the rule of proportion. Thus 
to know what number would be equivalent, oxygen being supposed 
1, 10, or 100, to any known number which refers to hydrogen as 
unity, say as 8 is to 1, 10, or 100, so is the known equivalent to 
the equivalent sought. And contrariwise, when we have a scale of 
numbers in which oxygen is représented by 1, 10, 100, &c., and 
would know what is the equivalent of any of those numbers, hy- 
drogen being taken as unity, say as 1, 10, or 100 to 8, so is the 
given equivalent to the equivalent required. 

In drawing up the table, I have had recourse to the best autho- 
rities both original and compiled. The most copious Tables hi- 
therto published are those of Berzelius,* Dr. Thomson,} and Mr. 
Brande ;{ but in many instances, their numbers, as well as my own, 
are to be considered merely as approximations ; and it is probable 
that there are few numbers, which will not undergo alteration by 
the subsequent progress of chemical science. The table will be 
rendered much more useful, if accompanied by a logometric sliding 
scale, the application of which to this purpose was a happy inven- 
tion of Dr. Wollaston. On the fixed part of this instrument may 
be inscribed, opposite to their equivalent numbers, the names of sub- 
tances; but as it is not possible to include on a single scale the 
names of all substances, those may be selected which are most im- 
portant, and most likely to become subjects of reference. Or, by a 
little practice, a scale containing zwmders only may be used with 
facility, the names of substances being in this case imagined to be 
placed on the fixed part of the instrument, opposite to their re- 
presentative numbers. A scale, however, on which names are in- 
scribed, is best adapted to beginners ; and an instrument of this 
kind will be found capable of affording a great variety of infor- 
mation, important both to the scientific and practical chemist. 

1. The quantity of any substance, which is equivalent to a given 
quantity of any other inscribed on the scale, may be learned by 
inspection. Tor example, by bringing 50 on the slider opposite to 
magnesia, or to its equivalent 20, it wil be seen that 50 parts of 
that earth are equivalent to 70 lime, 120 potassa, &c. 

2. It shows the quantity of each base, that is equivalent to a 
given quantity of any acid. Thus 50 on the slider being brought 


* Essaisur la Théorie des Proportions Chimiques, Svo, 1819. 
+ System of Chemistry, vol. iv. 6th edit. 
t Quarterly Journal, xiv, 49, This table is published also separately, 
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opposite to sulphuric acid, or to its equivalent 40, it appears that 
50 parts of that acid saturate 25 of magnesia, 35 lime, 60 potassa, 
&c. Inas‘milar manner, the scale indicates the quantities of dif- 
ferent acids required to saturate each base; thus 50 parts of mag- 
nesia saturate 100 of sulphuric acid, 135 nitric, Xc. 
8. It enables us to determine by inspection the proportions of 
the components in a given quantity of any substance of known 
composition. Thus, by bringing 100 on the slider opposite to 72, 
the equivalent of dry sulphate of soda, we find 55.5 on the slider 
_ opposite to the equivalent of sulphuric acid, and 44.5 opposite to 
the equivalent of soda, numbers which together make up 100 of the 
salt. 

4. It expresses not only the proximate but the ultimate elements 
of compounds. Thus, keeping the slider in the same situation as in 
the last case, we find 22.4 on the slider opposite to 16, the equiva- 
lent of sulphur, and 33.1 opposite to 24, the equivalent of 3 pro- 
portions of oxygen; and 22.4 + 33.1 make up together 55.5 sul- 
phuric acid. By reference to the equivalents of sodium and oxygen, 
we find also that 44 parts of soda are made up of 33.4 sodium and 
11.1 oxygen. 

5. The quantity of any substance, which we must take to decom- 
pose a given quantity of another by single elective attraction, is at 
once taught by the scale. Thus, if we wish to know the smallest 
quantity of sulphuric acid adequate to decompose 100 parts of 
chloride of sodium, by bringing 100 on the slider opposite to chlo- 
ride of sodium or its equivalent 60, we find 664 on the slider oppo- 
site to 40, the equivalent of dry sulphuric acid; _and opposite to 49, 
the equivalent of sulphuric acid of commerce, we find 814 on the 
slider. We must, therefore, employ 663 of the former or 81h 4 of the 
latter. Again, to know the quantity of dry sulphate of soda, which 
would result if all the common salt were decomposed, we shall find 
120 on the slider opposite to the dry sulphate or to its equivalent 
72, and 270 opposite to the crystallized sulphate or to its repre- 
sentative number 162. In several cases, however, in order to 
effect a complete decomposition, it is necessary to employ more 
than the eqmivaiee!, quantity of the decomposing body. (See vol. 
Le feiS19-) 

6. The quantities of salts, each consisting of two ingredients, 
that are required for mutual decomposition, may be learned by a 
similar use of the sliding scale. Supposing, for instance, that we 
have 83 parts of sulphate of potassa, and wish to know the quantity 
of chlaride of barium required for their decomposition; bring 83 
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on the slider opposite to sulphate of potassa, or to 88, it srepresen- 
tative, and opposite te 106, the equivalent of chloride of barium, 
we find 100 on the slider, which is the number required. The 
results of this decomposition may also be learned by examining the 
instrument when in the same situation of the slider; for opposite to 
the equivalent of sulphate of baryta 118, we find on the slider 111, 
and opposite to chloride of potassium we find 71.5 on the slider, 
the two last numbers indicating the resulting quantities of the new 
compounds. Again, from the weight of a precipitate, it is easy to 
deduce the quantities of salts which have afforded it. Thus, if we 
had obtained by experiment 120 parts of dry sulphate of baryta, on 
bringing that number opposite to its equivalent 118, we see at once 
that they may have resulted from 89% of sulphate of potassa, and 
108 of chloride of barium; and, moreover, that 120 parts of barytic 
sulphate are composed of 40.6 sulphuric acid, and 79.4 baryta ; the 
sulphuric acid consisting of 16.5 sulphur and 24.1 oxygen, and the 
baryta of 8.15 oxygen and 71.25 barium. 

Other applications of the scale of equivalents are pointed out by 
Dr. Wollaston in a memoir, explaining its principle and uses, in- 
serted in the Philosophical Transactions for 1814. 
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Table of Chemical Equivalents or Alomic Weights. 


PG LS ACPIVE MERI. Bec 0 355 cca) se 50 | Acid, hyponitrous, I nit. + 3 0x. 38 
crystallized, (1 water) 59 hypophosphorous, 2 p. + 
PRSCTNE! 2 5 ccsk ochs Morlalgnles 62 | HUGS Sores treat ceceae erste 32 

BHSEMEGUS Se aeseictes,« 4 e's 54 hyposulphurous, | s. + 1 
BENZOIC! es ot acs navies LAO OWehors of sles aiadare, 5 oi sees. . “24 
DGENGIG 8h oS obec eaters 076.5 22 hyposulphuric, 2s. + 50x. 72 
carbonic, “lc. 4 20x)... 22 iodic, 1 iod. + 5 ox,...... 165 
ehioric, Vchl. 3:5 @x.....<¢.°06 WRLC a os eee om Mies Sha 60 
chloriodic, 1] chil, + lied. 161 MANFANESCOUS..... .cce00 cee ,9F 
chloro-carbonic, Lc. ox.+ manganesic..... seitige es. «) OD 
CW ictal tare taneuac ns. SOO | WON DANO, Grats ar a ews TL 
chloro-cyanic.........«.- 62 WHOL WL ONS: ae Me Breth ahacceityet « 63 
elinomic, } chr. + 3 0x... , 52 WAUPVMAC: o sin. 4 oi edereorrmraten 3d 
GUHie (CI) sa canes | SS. nitric (rea!) In. + 50x... 54 
crystals, (2 water).. 76 (sp. gr. 1.5) 2 water 72 
columbie?-s..... we, 3 age" 248 - ¥S2 nilfous, In. + 40x. ..... A6 
ferro-cyanic?...... Legeos. oO) Omabhe Cay). wid san tace viele 36 
SGUDORIES: ce. coi a ceae ie eee: | : crystals (4 water T.) 72 
Maislicie Piss. z9e, 505 i | (S do. Berz.) 63 
RORMIAC 5 ecc Sis: 3 ore oxasap aye naia 37 | perchloric, 1 chl. + 8 ox. 100 
BOC os oon 5 ai ato aoe Kguclonig LO phosphoric, Lp. + 20x... 28 
BY GE WODNC Fo Fe es es oe sega OO phosphorous, 1 p. + Lox. 20 
bry dra-cilonies sos co's oi PRE PUPIE oo. vie: ow ay onatoe vy ae 
hydro-cyanic, ley.+lhyd. 27 PJ TOMTIC. 2 eceeeroes aren Oe 
hydro sulphurous........ 115 SACCROLACHIC .02.csuaueayen ci0 BOS 


hydro-fluoric ........ a Sills of ak selenic, I's. + 2OX.c0e..- 56 


636 
Acid,, suceinié .s:4..02. vay ods 50 
sulphuric (dry) 1s. + 3 « ox. A0 
sp. gr. 1.85 whey: A9 
sulphurous, 1 Si Zroxes.! $B 
SHIPHOCYANIC). g0cc03 8 ace 57 
tartaric, dry, (67 T. & B.) 66 
crystals (1 water) 75 
tUNSGLEC $55 p00 Hse fo ocean 4h 20 
WUE ae alesse 5 pares cievie o> 100 
Alcohol, 4 ol. gas + 2aq. vapour 46 
Alay, EY CEG Vs Ve «0:0 oscoumenpats 198 

erystallized, (511 'F.) 22 

Wilerss eee lt A58 
Alumina, (27 Phillips, 187). . 26 
SUUDRAGE | Seigsle sis einge 66 
Aluminum, (10 T. 19 Phillips) .. 18 
AMMONID 4 05; osm 5.) Hela feied & 


bicarbonate,l am.+2c.a. 61 
carbonate, lam, + lc.a. 
chlorate, @fy. . aes. cen 93 


Cherie, GOs a. 6s -« SS MRE: 
fluoborate, do......... 39 
muriate, Lam. + lm.a. 54 
FUP HEC, OLY os bess ietsie eo 71 
Se cal L wat. 80 
oxalatejdrys.oteonris 53 
crystals,(1 w vat, ?). 02 
phosphate, dry......... Ad 
phosphite, dry. 20203. 2 37 
succinate diy. is... we, gO 
sulphate, OT ys. 00. <<. 35s 57 
crystd. (2 wat.) 75 
eubphitey diy was i... ve-7. 48 
TUPUT ALC WOE 4 04/16 5605, 83 
Antimony (BF. 45) cic wisiis. «ess A4 
‘ CUHIOTIGO., cs sue steintueisis 80 
eh grantee i +13 
Osa nev eece epee 56 
iodide SSR MOO 169 
peroxide, lant.+2o0x. 60 
protoxide, lant. + 1 
Ox! Sasiey ce 
sul phuret, ‘Tant. + Ts. 60 
tAPtETIZeae eo... . es . 288 
Arseniate of potassa, dry. Pie, owe.e 4 LO 
S008; QTY 5. assis ue s.0 94 
FSSEMER? Si ees er oe ee sekeces OO 
EWOHS OF assests am 74 
FOGUHE Te ate cay Sanne OD 
sulphuret (orpiment)?.. 54 
(realgar)? ..... «62 
STIS so. win'e' oie.-2 6 6 ole cure taadeea nnn 14 
120 1 Wa PPS er 70 
chloride of, | b. + i ee 106 
oi Se ese 195 
peroxide, I b. +2 OX, 86 
protoxide, | b. a oxne: 18 
SUID MOTE Ean sic. cmnsces cine (OO 
Baryta, dry, 1 barium + 1 ox, 78 
crystallized (20 water). | 258 
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Baryta, arseniate ? dry..... «++ 140 
arsenite? do..... ee 132 
binhyposulphite, 1b. + 

Bitealst. IA eves 126 
biphosphate, dry...... vei Ase 
Cafbonate, UO... ..0s eas 100 
chlorate, do..4..6i 02." 104 
chromate, do. . 130 
Cle: Cais Oi ets 7. eo0 
hydriodate, dry.. 204 
iddate, dovssxs% dag temas 245 
nitrate, crystd, “ water) 132 


oxalate, Oi wager ceet eee 
ferro- -cyanate } Ric 
muriate, crystd, (2 wat.) 
phosphate, a MRCS CE eg 
phosphite, do,.... 
crystallized (1 

WERT) sos iba eco 2 
sulphate, dry..... 
sulphite, do.. 
fartrate, WO S.s..c-cs-s, FeO 
tungstate, dO... cesses 


eeee 


Bismuth. . 7 3 sso apie wilh 
chloride, b. is Yehl... 107 
lomate tit ute yy. Pee 44 
nitrate, dry .sicsaesevdd 133 
Oxnlate, GU jas ceeecnqe Pao 
GNC te et seek evens 79 
subdsul phate, 30x.b.+ lac 277 
sulphate, dry. ....... pe 
Stil PMUTEE? 1s, okie 87 

Borax, .iss8edae. V9. See ee vee 
BOTON «se ne s< omares 3 eiehiraere wees.) Ae 
Cadmitai.) a eee Cees Feet ASS 
CHIOPIEC. sais crisis cee 92 
BILTAEE, TY 4 o.a,0.00 118 
Oxdde Sco lecare Sbamaieie: 64 
phosphate, dry........ 92 
sulphate, do...... ..»- 104 
sulphuret, Lc. + Is... 72 
CONCH 5 5 atts s agers a ee ee a 
ChIOTIAG . cas. 5.0 atyceee's, JO 


fluoride (fluorspar).... 36 

Oxide (iMe), ... s2%,04 5s 28 
phosphuret ... sss .-. 32 
sulphuret . s 36 
Calomel, see Mercury, protociloride, 
CAPDION a ais 6 oes sa, oie Fda seieuey 6 
bisulphuret, I car. cd Qs s. 38 

hy driodide .). scjp aesil 139 
hydrochloride. ..o+.. «0.0 .. 43 


oxide (gas) le. + lox.. 14 
perchloride, 2 car.+3 chi, 120 
protochloride, 1 + 1 42 
subchloride, 2 + 1...... 48 
Carbureted hydrogen, light, 1 car. 
De 5) 1) Cane Ue ape ee Seen 8 
Carbureted hydrogen (olefiant) 
Lice ¢ . ig ecitichne avast 
C7] To erm ai ment: Mme 


oe ee 
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Cerium, protoxide: Tee ene 
” peroxide? iciek Uiadlieicosees 
Chlorine ...... se ieie idatenipiaiers 
protoxide, lc. + lox.. 
peroxide, lc. + 40x.? 
Ghromiaa, 0.469353 og. Panties os 
protoxide..... aerate 
deutoxide (T.) ..0a+0 
Egbalt, OE yn. Ve. balk ste wt 
arseniate, dry). ¢s.964l: 
ehlormde: .% y.sg:u sei ome 
GPP AIC SAT soos 2 ca OS 
Oxalate 9d Ons «05ers 
peroxide, lc. + 1g 0x.. 
phosphate, dry ....% seise's 
protoxide, lc + 1 ox.. 
sulpliate, Ory. coceeseds 
crystallized (7 


WHECE) sdsiaulaan< > 0 

SH PPUPSIT eo ata. =. 
Chloride of nitrogen, 4 chl.+1n. 
Columbium? ....... sil iamtans oe 
@apyper oo. cdr seesie eyes 


acetate, lac. +1 perox.. 
crystd. (6 water). 
binacetate,2 ac. + 1 perox. 


54 |Iron, protochloride, lir. + 1 chl. 64 


62 


180 


crystd. (3 water) 207 


biphosphate, (2 water) .. 
bisulphate, (blue vitriol) 

erystd. (10 water) 
bisulphuret, lc.+ 2s... 
binitrate, | perox.+ 2ac. 
fadile faiwck sags: 2 ate, oe 
perchloride, Le. + 2 eh. . 
protochloride, le, + Ichi. 
protoxide, lc. + 1 ox... 
subnitrate, dry, 4 perox. 


126 


+ [eae. Senile... STA 


subacetate,? perox.+ | ac. 


178 


subsulphate, 2perox.+- Jac. 200 


Corrosive sublimate, 
Cyanogen, Lunitr. + 2carb...... 
Ether, sulphuric, 4 ol. ae +1 
Bd. V2. cieisscat: 
muriatic, 1 ol. eas-+ 7 m. a. 
chloric, 1 ol. gas +1 chlo. 
Bitter ine 2 .cccsale eran ae 
GWE ERS. £55 ca) c's ORDA Ih + - 
Ghicineiatas 1). dines : 
Gal? sa08 ss SR POLINA 6. 
 Claride: otras tide Weehieh «:- 
PORTE L..5 ctehes PiletetNerd Mina 
protoxide, 1 gold + 1 ox. 
peroxide, 1+ 1G..Je8e88.. 
sulphuret, 1 gold + 3sul.. 
Gum, (Ure 68)... .. cc eee eee eeees 
Hydrogen... .. ses ecceescceeeers 


Tetdium, (T.) ... .@6..cchiaeiaaes. » 
Oxide. ots GIRS GINE. - 
Tron eorreeeeesocraesoaoseeereses o 


see mercury. 


perchloride, Lir, + 14.... 82 
protoxide, lir. + lox... 36 
peroxide, l ir. + J3...,... 40 
persul phate, 1 perox, + Apa ac. 100 
protosulphuret, Lir, + 1ls.. 44 
persulphuret, 1 + 2........ 60 
subsulphate, 4 perox.+ lac. 204 
sulphate,dry, 1 prot.+lac. 76 

crystd, (7 water) 139 


acetate (dry)..... eee 162 
crystd, (3 water).... 189 


arseniate, ee Roe ee 174 
carbonate, do.............. 134 
ChIQNE eS ex pee g Ste A A sori 140 


chromate, dry | prot. ‘a lac 164 
bichromate, do. 1 + Qac... 216 
deutoxide, 1 lead + Ig ox,. 116 
Sallaten.:.d06-% PPaioksceutatateratsts 175 
maiate, dry <0 HABE 60s. LTZ 
molybdate, do.....seeeee0. 183 
nitrate, crystd. (no water). 166 
BiG oF, siyen'aaean< gu Oeeewse 
oxalate, ATY pasieccts .. 148 


peroxide, 1 lead + 2 ox.. 120 
phosphate, dry aiccesis <0. 140 
phospbilesd). abs gadueh. ...- 132 
protoxide, l lead + lox... 112 
SWODLT ate. -.walrjaleerEees aos 278 
subacetate, 3 protox,. + lac. 386 
sulphate, dry aie Sake Washes 152 
Sippilie, dos. miss 2yciocsac. FAA 
subphipret 4 coda cut s... 120 
tartrateydny (isdn «0 178 
Lime, 1 calcium +-l ex........ 28 
acetate, dry. . 'aate 


WESOCMIBIE 5 ccciac oe RIO - 90 


binhy posulphite, (6 water). 130 
biphosphate, dry 84 


carbonate, dO. .é005 dsc. 50 
chiouate, do. .c. tye ak 104 
ehlaride, l aohe as oe adie o 64 
Chipatesdryen..wneeeeg. 86 
Chiomate, doy .3..eelawtg . 80 
hydwates bist Tisoieeieug. 37 
hydrogd, sulphuret ..... H.. 89 
LOMA tertig ctlaidlayle eae: 393 
munriate.<3. . eek SRoeeweietg o OS 
oxalate, dty«..... <agapioe. 64 
phosphate, do....... etscetra's) ¥ OG 
phosphite, da. o.0.. 4: lee toss - 48 
subchloride, 21. + Ichi.... 92 
(6 water). oo... 146 

Sulphate, ary... g 2% Patoo4. 68 
crystd. (2 water).. 86 

CAPA Cie. :Bdob 2 tek wits. OF 
(A water)...... wa 130 
tungstate. .cwediisriacsses a. 148 
Lithia, (18-28. 6. Bie F9. a0 19 
capbonale-.... jdt .ctiiiee. Al 
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hithia, nitrate; dry. 80s 68 20k 
phosphates: °..22° 2905 24% 
sulphate, dry... 236504 : 
Lithium, (10 Br.),......... “ees 
eloride 624 5. ct Sieeres oe 
sulphutet: ..2esee 8 . 


Magnesia, 1 magnesium + 1 ox.. 
ammonia phosphate . 


93 


crystd. (5 w at. )138 


carbonate, dry, 1+ lac. 


AQ 


crystd.(3 wat.) 69 


common (see vol, i. p. 


Se Ee 
chloride, dry...... cat 
hydrate, 1 + 1 water 


MADE AC. sig. sarece tele et 
nitrate,dry.. 
phosphate, do........ 
sulphate;do, «secisses 
crystd. (7 wat.) 
tartrate... 0 blr eet ees 
MaGMesHU yc. sn jue' od aed Seen ae 
chloride ss ca }<.i 5 ee 
Manganese... 
carbonate, | see + 

lac. oe 
chloride, q m. " id cf 
deutoxide (brown) 1 


eoeoeser te bere eee see 


me £98 TNA 
oxalate, dry o... 02002 
phosphate, do........ 
protoxide, green, | m. 
+ 10x... : 


triloxide, Im, +20 Ox. 
sulphate, 1 shiek + 
bme 4 13%. See. a 
MGTCOUII. 6 «6 once en Cate aektetote 
bichlonide .5....64 916008" 
bieyanide® i. sh see. eee 
binitrate, | prot. + 2ac.. 
bisul phate, dry 
Diss pPHUel,.... othe oa ees 
ROUIME,.035.0:4 os ake 
perchloride (corr. sub. sa 
peroxide, | + 2 
protochloride (calomel). . 


eeeo er eoe 


protenitrate, | prot, + lac. 


protosul phate, lprot, + lac. 
protoxide, 1 + 1........ 
sul phGle 5.5. Rete cteeen 
Molybdenum, (48 Br.).......... 
protoxide ,...... ee 
PEP OIA. .155 deat shore glee meene : 
Nickel, (26 T. 30 B. Mc Seti 
geetate, Ary .. iss » ‘eelelotae 
arseniate, ditto.......... 
carbonate, ditto......... 
chloride, ditto........... 
nitrate, ditto...... edeRY 


Crystd .c.scecceee 
oxalate, dry eoeoe oar 
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Nickel, peroxide, (38 T.). .. 


protoxide, (84T.)......+. 
sulphate, dry...... er. 4 
crystd, (T water) 
eulphutiet.t 2. c29i4 22) toy: 
Nitric oxide, ln. + 20.. ; 
Nitrogen..... advaitele Bas ache ss 
Nitrous gas, see nitric oxide, 
Nitrous oxide, In. + Lo. a8 
OM OliVE.2 sceaaletnaes Succes 
(Meant BAS: .vascces eee s Aetaletew 6 
OSM UNY F5:5.550aSsn oe oases hietsieis 


oxide. ...... 
OkysewG v4.0. 


Palladium?...... tee sobs wesces 

OXIME? br RIAD oe 
Phosphorus, 466000000 000066 

CAPUUTCES 5. 0:6 00i0he0 6 © 

ehloride, [2752 9... ve 

perchloride ........ 

Sul phurebiy ii) A 

Phosphureted hydrogen, 1 p. + 

2 hy Giesses seo ee 


perphosphureted, 1 + 1 
Pratiautati so) eS ikE 12. owas oer. 
ammonia muriate..... 
bisulphuret..... cea ene 
perchloride 
peroxide... 
protochloride ..... 
protoxide 2% vin iuees. 
Ssuiphwnee).. .6230i a 
Potassa, dry, 1 potassium + 1 ox. 
arseniate, dry (164) . 
arsenite, de (148) aut. 
bicarbonate, do. 1+2 ac. 
crystd. (1 wat.) 


binarseniate, dry ....... 
bichromate, do.....eeee 
binoxalate, do. 1+ 2ac. 
biphosphate, da........ 


bisulphate, do.. 
crystd, a wat, ) 
bitartratess deus «o> 
crystd. (1 water) 
chlorate, dry...... 
chroniate, dO... ees 
CHAE, BG iodo dens WN 
hydrate, solid (1 water). 
hydriodate, dry. oi... .4.. 
lodate, di. .a.o.iauethee 
molybdate, do........ ed 
HIMUTIRES. GS. bce 
nitrate, dry 
oxalate, do. 1 + lac... 
perchlorate, do,...-.... 
phosphate, do,......... 
quadroxalate,do.1 +4 ac. 
Gnccinate, dO... . isk sie 
sulphate, do.... w.seeee 
sulphite, GOs eos 


0: 6.0 @ a ee ee 0 84, 


eee @@6 


CHEMICAL EQUIVALENTS. 


Potassa, tartrate, do............ 114 
tu agstate, Orns sercoe-2 168 
Potassipm’ 3 3S eS oy 40 
chloride. Ridteeiuire sx. 2,0 
jodide....... 05 Sc araetars 165 
peroxide, l p.+ 30x... 64 
phosphuret, 1 + 1. 52 
protuxide, dry, 1 + 1.. 48 
subphbosphurer, 2+ 1,.. 92 
sulphuret (various) 
ERGO? cece es Oe .. AA 
PECLOR IGS 2. soiascmiens-sa etn se 
PERO REC 2 ioc nig cls cn inn eee 
Seleniauns 2c. aaee' a: ate erm eiaente os AO 
Selenureted hydrogen.......... 41 
SURECRAS os a5 3 02525 ere oe eared kO 
Silicium or silicon ........... tage 
SERVER a 2 ois a ofore rete A sttie: ater a aust fi0 AO 
chlorake, O6y. o2..5 em ees; 194 
Chl arid], COs Ac wainch as's-os,* 146 
LOC (oe eee Spies eee 
bodide, dO. orc, 0's. teas aeeae 


MIGFACE, OO. on, caswescocks shee 6 Lhe 


OXGISLE; 10, onticndenaes ac oboe 
protoxide, 1 + 1..... 118 
peroxide, 3s. + 2 ox..... 346 
phosphate, dey... 2. co. 146 
SMEDBALE , CO oki: ce atayers osa:00e 158 
SUR NRE <4 eieieloged «ic. eyeys 126 
Soda, <i sodium -- 0 LOX. 6550 0005, 32 
acetate, dry . sie eof noe 
crystd, (7 water), Shane ghee 
pIsenate, Guy... s....+ 4s ae sits 94 
arsenite, ‘do. exgresiocars <eitle 2 86 
bicarbonate, do... .....eeee 76 


crystd, (2 water) 94 
carbonate, (sub-carb,) dry.. 54 
crystd. (10 water) 144 


ChOPAtE GUY ....0:. 6 seinw poe +0 108 
CHFOMALE. 6 idinw decide a6 «o_O 
WG GAC i 6,5 aisieeeroum ates > Al 
bydriodate, dry . 2. sm. 6-« 158 
jodate, do. .0i 03s sheets sbie 2 497 
nitrite, dO... tee peas 8G 
enalate 60 « opsires ieee. <i OS 
sul phale; GOs cccomicpeviee eo qe 72 
crystd, (10 water)... 162 
sulphite, dry nc.cectsseees a. 64 
tarirale, C06.5..6..i0% etieioie ee ee 
tartarized, 114. + 98... 212 
SodiwMm 4 ..5¢23 200 sihgahiet aid 2 bait mee 
CUIORIEE: «x cpigere ie tesd sa sino 60 
HOMO. oo vce es as eens .. 149 
peroxide, ls, + 1g ox... 36 


protoxide, 1s. + lox... 32 
Starch? , 


soeeeers paer seen gees 
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Strontia (55 Brande)..... Reka) Oe 
carbonate, dry sigs os: aay ek 
by d rate yt ces So's PAB aRT o3 61 
TAU IAGE cd scouts Suleeileguc ee 
WEEEACE WEY <..seoe acd wee 106 
OS Wate, GO... 46s eee &8 
phosphate, do,........ ; 80 
SUIPMAlES. dO... cea ssdves 92 
Strontium (47 Br.)....0...0.0 . 44 
EMOTIGE mie gaicicnic es » 80 
ONC rte c5.5 5 cio. Ssi4s 3 5z 
SCRA. sata icqeammcesreroreers sibrestte 00) 
Sugar (Prout 75) ..... eases age 70 
DOI RUG 25: «65 Shee Wan See 16 
ehloride, b+. 1, code eee 02 
IGG Catc..% 4 sapien d ee 141 
phosphuret ...5. 205 «0000 28 
Sulphureted hydrogen.........- vs 
carbon, see carbon. 
PANTS 55 50006 ere Uisieas aia epemprgets 71 
DeMOPGa sarc wage is ie eat So 
CHOC 2 06 nds, Saco eonts TA 
ORIG ccc aecryeilens Bees aeev 46 
PAN: «5% searsie, Stems bee Si Siceaors ck aoaeinee 
Dis tlgnitay C6i,% 5.2 Janicrag'e «soo: 91 
peroxide, 1 lin + 2 ox,..... 75 
protoxide, 1 tin + Jox..... 67 
perchloride, lL tin + 2chl... 131 
pretochisride, Bsa daa. mcicnse 95 
St ROTEL... -:cisavaiag eee s 75 
TP MERON! Ds casracensca 5 sch are bieyeuers inoue 144 
PMOESUEN 4.0 5. o cisieeisierspase Mar oie 6 96 
Diselphurel< oc. dye cn ostae 128 
omide. stat, 4-2 OX, v0.0 bN2 
UPAR? 55s scene dae Sentuatee 
CO ee i 133 
Vil 2 GSEs tame tar eR Amer 
BY etree oar aise 0 eee ee miter FAO 
Yttrium, sé aplessyopsiauaseelbea iyeg’ . 382 
Zinc, (35 Br. "34 ae siisecesJomtansiang> 33 
CARDGHALE. 0, «ocho dopa ee.) 203 
CWIOTIGE .c2) + ddan mas eilemens «109 
hydriodate, ary... oceseas 167 
ROGNUC D2. «, 4\« ausirictn eka < sibs 158 
iodate, dry.. 206 
DIWALE, G0 9 <a> sy olepsiaks sieaenieoo 
Oxalate, dO. nd. wasceindis pene iy | 
GUIES gious: sptaeace dive Puioinous .- Al 
phosphate, dry .. Mee ee 
phosphuret...... 006.506 cee (je0 
sulphate, dry...... se--- 81 
crystd, (7 water)... 144 
sulphite, dry...e...-- Gvsietsicie Ue 
SH PHGECE << geactsmecrety secs s 40 
Te ae 36 
EVGCOMBM ches es enstes steces - 28 
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Table, showing the Proportions in Volumes of several Compounds 
whose Elements are gaseous. 


(N. B. <A Table of the Specific Gravities of Gases may be found, 
Vol. I. p. 140.) 


Name, Proportions in Volumes. as ae J 
Air, -atmospheric....3......... | 4 Nitrogen + 1 oxygen........ 5 
Alcohol, vapour....... weeeeee | 1 Olefiant gas:-+ l-aq. vapour... | 1 
Ammonia 7.42 BO Bio 4-3 Bydrogéa a} nirogens... | 
Aqueous vapour (steam) ....,. | 2 Hydrogen +loxygen...... | 2 
Carbonic oxide gas .......... .. | 1 Vapour of carbon + 1 es gen 2 
aera aa Si TU AleCar yy Ditte +) dieses 3 eae 
Do. do.22..4 eens seeeeee | 1 Carbonic oxide + $3 oxygen. ipl om 
Carbureted hydrogen gas ao niges 2 Hydrogen + l carbon ..-... 
Carbonate sub- of ammonia .... | | Carbonic acid + 2 ammonia.. |(solid) 
biv of do... ied 1 Ditte-paledo s..cnnmeed. ee pattto 
sesquis- of do.’...... | $ Ditto + 19 do.-7si2s..50. 2 ... {ditto 
Chlorine, protexide of, gas.. 1 Oxygen + 2 chlorine ........ 23 
peroxide of,do...... | 2 Ditto + 1 do.. Mniesshels serene 
Chloric acid VEDOUY J. 25 co en = }EDiito + 1 do.. é rece 
CUETO sce heh cig ge ve oi] S “Olefiant gas + 1 ‘chlorine. , 
Chlorocarbonic acid gas ....... | 1 Car bonic oxide + 1do...... 2 
Chlorocyanic acid vapour...... | | Cyanogen oe buchlorines 1 22E nar 
Cydmegenigas-nciiicas ie et See Nitrogen ENDCRUOM Rane sed oe 
Ether, muriatic, vapour ..... . | | Muriatic acid gas + 2 alcoh., | 2 
sulphuric do...... Sores 2 Olefiant gas + laq. vapour. | 1 
Fluoborate of ammonia........ 1 Flueboric acid + Lammon... |(solid) 
sub of dor. Ty 26. vou A. Ditto -reedenwecet tees ditto 
Hydriodic acid gas....... Rad Bydrogense: ) iodme eee 
Hydrocyanic acid vapour...... | 1 Cyanogen + 1 hydrogen.,.... | 2 
Todic acid ........ (els tices | leOsyzen + 1 POTMmer iret cee 
Muriatic acid gas..... ........ | 1 Hydrogen + I chlorine...... 2 
Muriate of ammonia ....... ... | 1 Muriatic acid + | ammonia.. |(solid) 
Nitric aeid-wapoer .’5 Sih oo... 1 Nitrogen + 24 oxygen........ | I 
Nitrous acid do.......... Be ecents l Ditte $°Or domes sewkae ys 
Hyponitronsido.., 0.4060 +- oe | ol Ditto tubs ido. ccscket ec ee oe | I 
PUEOPOUSRAS 4b cleslestes <8 + Serec es l Ditto: --4 «do: .wisaees tee 2 
ORI SAE 2G Os. ees 1 Ditlo + dedosreccnsces Soa 1 
rehant Sass Ee Ses ee ‘M. | 2 Carbow + 2 hydregen ¢22....e-F 4 
Phosphureted hydrogen gas.... | 2 Hydrogen + 1 phosphuret... | 1 
Biphosphureted do. .......... ko Ditto 4B AGO eee Fas e..oca4- 2 
Sulphureted hydrogen gas...... 1] Sulphur + Ll hydrogen........ | F 
Sulphurous acid do............ 1 Ditto + 1 oxygen ...... I 
Sulphuric acid vapour ........ | 2 Sulphurousacid + | oxygen. . 2 
Sulphuret of carbon vapour,... | 1 Carbon’ + 2 sulphur....... soa} S 


TABLE OF THE DENSITIES OF OIL OF VITRIOL, &c. 641 


Lable of the Quantity of Oil of Vitriol (sp. gr. 1.8485), and of 
Dry Sulphuric Acid, in 100 Parts by Weight of diluted Acid, 
at different Densities. By Dr. Urs. 


(Quarterly Journal of Science, &e. iv. 122.) 


Liquld.| Sp. Gr. | Dry. | Liquid | Sp. Gr. Dry. |jLiquid.) Sp. Gr. Dry. 


100 | 1.84851 81.541 66 |1 5503] 53.821 92 | 1.9934| 96.09 
99 | 1.8475] 80.72] 65 11-5390) 53.00! 31 | 1.2260! 25.28 
98 | 1.8460! 79.90] 64 11.5280] 52.18] 30 | 1.2184! 24.46 
97 | 1.8439] 79.09] 63 |1.5170| 51.37|| 29 | 1.2108] 93.68 
1.8410} 78.28) 62 |1.5066] 50.55|| 28 | 1.2032/ 22.83 
1.8376] 77.46|| 61 |1.4960| 49.741 27 | 1.1956] 22.01 
1.8336] 76.65] 60 |1.4860] 48.92! 26 | 1.1876) 21.20 
1.8290] 75.83! 59 11.4760) 48.1111 25 | 1.1792] 20.38 
1.8933] 75.02) 58 |1.4660] 47.29] 24 | 1.1706] 19.57 
1.8179] 74.20] 87 | 1.4560] 46.48]) 23. | 1.1626] 18.75 
1.8115] 73.39] 56 |1.4460| 45.66] 22 | 1.1549] 17.94 
1.8043] 72.57] 55 {1.4360 44.85|1 21 | 1.1480! 17.12 
1.7962) 71.75|| 54 1.4265] 44.03] 20 | 1.14101 16.31 
" 87 1.7870} 70.94) 53 |1.4170| 43.22] 19 | 1.1830] 18.49 


1.7774) 70.12) 52 | 1.4073) 42.40] 18 | 1.1246] 14.68 
17 | 1.1165] 13.86 
16 | 1.1090) 13.05 


1.7673] 69.31) S51 |1.3977| 41.58 


1.7570 68.49] 50 |1.3884) 40.77 


83 | 1.7465] 67.68] 49 |1.3788) 39.95], 15 | 1.1019) 12.23 
82 | 1.7360, 66.86] 48 |1.3697| 39.14] 14 | 1.0953, 11.41 
81 | 1.7245) 66.05) 47 |1.3612) 38.32) 13 | 1.0887} 10.60 
80 | 1.7120, 65.23] 46 1.3530) 37.51] 12 | 1.0809; 9.78 
79 | 1.6993) 64.42) 45 | 1.3440] 36.69] 11 | 1.0743, 8.97 
78 | 1.6870 68.60) 44 | 1.3345) $5.88] 10 | 1.0682, 8.15 
77 | 1.6750; 62.78] 43 | 1.3255] 35.06] 9 | 1.0614 7.34 
76 | 1.6630] 61.97) 42 |1.3165| 34.25] 8 | 1.0544) 6.52 
75 | 1.6520, 61-15] 41 |1.8080) 33.43] 7 | 1.0477) 5.71 
74 | 1.6415, 60.34] 40 |1.2999] 32.61, 6 | 1.0405] 4.89 
73 | 1.6521) 59-52) 39 |1.2913] 31.80}, 5 | 1.0336) 4.08 
72 | 1.6204) 58.71) 28 | 1.2826) 30.98], 4 | 1.0268) 3.26 
71 | 1.6090, 57.89) 37 |1.2740| 30.17|| 3 | 1.0206) 2.446 
70 | 1.5975) 57.08] 86 |1.2654) 29.35], 2 | 1.0140) 1.63 
69 | 1.5868] 56.26] 35 | 1.2572) 28.54]| 1 | 1.0074) 0.8154 
G8 | 1.5760) 55-45) 34 | 1.2490) 27.72 

67 | 1.5648] 54-63] 33 | 1.2409} 26.91 


VOL. he” ga 
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Table showing the Proportion of real or dry Nitric Acid in 
100 Parts of the liquid Acid, at successive Specific Gravities. 
By Dr. Unz.* 


(Quarterly Jeurnal, iv, 297.) 


ato Acid in 100. ae Acid in 100. oer Acid in 100. 
1.5000 79.700 1.3783 52.602 1.1833 25.504 
1.4980 78.903 iyotce 51.805 1.1770 24.707 
1.4960 78.106 1.3681 51.068 1,1709 23.910 
1.4940 77.309 1.3630 50.211 1.1648 23.113 
1.4910 76.512 1.3579 49,414 1.1587 22.316 
1.4880 49415 1.3529 A8, 617 1.1526 21,519 
1.4850 74.918 1.3477 47.820 1.1465 20.722 
1.4820 74.121 1.3427 A7.023 1.1403 19.925 
1.4790 73.324 1.3376 A6.226 1.1345 19.128 
1.4760 12.527 1.3323 45,429 1.1286 18.331 
1.4730 71.730 1.3270 4A 632 1.1227 17.534 
1.4700 710.933 1.3216 43.835 1.1168 16.737 
1.4670 70.136 1.3163 43.038 1.1109 15.940 
1.4640 69.339 1.3110 42.24] 1.1051 15.143 
1,4600 68.542 1.3056 Al,444 1.0993 14.346 
14570 67.745 1.3001 40.647 1.0935 13.549 
1.4530 66.948 1.2947 39.850 1.0878 12.752 
1,4500 66.155 1.2887 39.053 1.082] 11.955 
1,4460 65.354 1.2826 38.256 1.0764 11.158 
1,4494 64.557 1,2765 37,459 1,0708 10.361 
41,4385 63.760 1.2705 36,662 1.0651 9.564 
1,4346 62.963 1.2644 35.865 1.0595 8.767 
1.4506 62.166 1.2583 35,068 1.0540 7.970 
1.4269 61.369 1,2523 34.271 1.0485 7.173 
1.4228 60,572 1,2462 33 ATL 1.0420 6.376 > 
1.4189 59.775 1.2402. 32.677 1.0575 5.579 
1.4147 58.978 1,2341 31.880 1.0320 4.782 
1,4107 58.181 1.2277 31.083 1,0267 3.985 
1.4065 57.384 1.2212 30.286 1.0212 3.188 
1,4023 56.587 1.2148 29.489 1.0159 2.391 
1.3978 55.790 1,2084 28.692 1.0106 1.594 
1,3945 54.993 1.2019 27.895 1.0053 0.797 
1.3882 54.196 1.1958 27.098 

1.38383 53.399 1.1895 26.301 


* In this Table, the real acid in nitric acid of specific gravity 1.5 is rated at 
4.8 per cent. more than is contained in it according to Dr. Wollaston aud Mr. 
Phillips, the mean of whose numbers is 25.1 water + 74.9 acid in 100 parts of 
acid of that density. The numbers inthe Table will, I believe, however, be 
‘very near the truth, if reduced at the rate of 6 percent. Thus 6 per cent. on 
79.7 is 4.782; and 79.7 — 4,782 = 74.918, which is very near the true number, 


CH.) 
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Table of the Quantity of real or dry Muriatic Acid in 100 
Parts of the liquid Acid, at successive Specific Gravities. 


By Dr. Ure.* 


(Thomson’s Annals of Philosophy, x. 371.) 


Specific Acid in Specific Acid in Specific Acid in 
Gravity. 100, Gravity. 100. Gravity. 100. 


eee 


= = ss 


— 


1.1920 28.30 11272 18.68 1,0610 9.05 
1.1800 28.02 1.1253 18.39 1.0590 8.77 
1.1881 27.13 1.1233 i8.1]1 1.0571 8.49 
1.1863 27.45 1,1214 17.83 1.0552 8.21 


1.1845 21.17 1.1194 17.55 1.0533 toe 
1.1827 26.58 113 17,26 1.0514 7.64 
1.1808 26.60 1,1155 16.98 1.0495 7:36 
1.1790 -} 26.32 1.1134 |. 16,70 1.0477 1.07 
L.A7V72 26.04 1.1115 16.41 1.0457 6.79 
1753 25.15 1.1097 16.13 1.0438 6.51 
1735 25,47 1.1077 15,85 1.0418 6,23 
1715 25.19 1.1058 15.56 1.0399 5,94 
.1698 24.90 1.1037 15.28 1.0380 5.66 
1679 24.62 1.1018 15,00 1.0361 5.38 


1661 24.34 1.0999 14.72 1.0342 5.09 
1642 24.05 1.0980 14,43 1.0324 4.81 
1624 vie Pe | 1,0960 14,15 1.0304 4.53 
1605 23.49 1,0941 13.87 1.0285 A,24 
1587 23.20 1,0922 13.58 1,0266 3.96 
. 1568 22.92 1.0802 13.30 1 0247 3.68 
. 1550 22,64 1.0883 13,02 1.0228 ae 
ost 22.36 1.0863 2.73": 1,0209 3.11 
.1510 22.07 1,0844 12,45 1.0190 2.83 
1491 21.79 1.0823 12.17 1.0171 2.55 
1471 21.51 1.0805 11.88 1.0152 2.26 
1452 21.22 1,0785 11.60 1.0133 1.98 
1431 20.94 1,0765 11.32 1.0114 1.70 
1410 20,66 1.0746 11.04 1.0095 1.41 
1391 20.37 1.0727 10.75 |} 1.0076 tis 
1371 20.09 1,070T 10.47 1,0056 0.85 
135] 19.81 1.0688 10.19 1,0037 0.56 
. 1332 19.53 || 1.0669 9:90 1.0019 0.28 
.1312 19.24 1.0649 9.62 1.0000 0.00 
.1293 18.96 1.0629 9.34 


fumed fad fd fad ord fund fomd fm fad fend frend famed fm fm fend foe fd jam fm fed jad fem fal fad 
° e e e e ° .7 e ° ° e 


* The data, on which this Table is founded, were obtained by saturating 
different bases with known quantities of muriatic acid, specific gravity 1,192, 
and ascertaining the weights of the dry products. Forexample, 100 grains of 
such acid gave 60.61 grains of dry common salt, which, on the old theory, may 
consist of 32.31 soda + 28.3 muriatic acid, or, < according to the new view, of 
24,244 sodium + 36.366 chlorine, equivalent to 37.376 muriatic acid, Ad- 
mitting then the data to be correct, the composition of muriatic acid of differ- 
ent densities will require the numbers to be altered, to suit the views of those 
who embrace the new doctrine respecting chlorine. This may be done by the 
rule of proportion; for as 37.376: 28.3, so is any number below 28.3 in the 
Table to the number required, (H.) 
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Colour of Precipitates thrown dozun from Metallic Solu- 


dions, by various Re-agents. 


Water impreg- 


Metal Prussiates or Tincture of nated with Hydro- 
igh Ferro-cyanates. Galls, Sulphureted Sulphurets. 
Hydrogen, 
A white oxide 
Antimony White merely from |Orange Orange 
dilution 
Arsenic White Little change |Yellow Yellow 
Bismuth White Orange Black Black 
Cadmium White ‘|Nochange  |Orange Orange 
Brown, be- 
Cerium White Yellowish coming 
deep green 
Chromium Green Brown © ro 
Yellowish Not preci- |p) 
Td - ° r ° ack 
Cobalt Grass-green- | nite pitated 
Columbium Olive Orange Chocolate 
Copper (per-salts) . pet eae Brownish Black Black 
Solution turn- 
ed green. 
Gold White Precipitate {Yellow Yellow 
: brown of re- 
duced gold 
Ne precipi men No precipitate. 
<a | Colour of so- 
Iridium Colour dis- |) 43 li 


charged 


a 


1. Proto-salts |White, chang-| 
Tron 


Pemceenceee | CPR es 


o precipi- |Not preci- |py. oy 


ing to blue. |" tote, Black | pitated 


2. Per-salts Deep blue 


Lead White White / Black Black 
M White No precipitate Not preci- White 
anganese precip pitated 


PRECIPITATES FROM METALLIC SOLUTIONS. 645 


Colour of Pr is ea from Metallic Solutions, c.— 
Continued. 


Water impreg- 


Metal Prussiates or Tincture of nated with Hydroe 
erase Ferro-cyanates. ' Gals. Sulphureted Sulphurets. 
Hydrogen. 
White, chang-|Orange yel- Brownish 
Meret : eo: ange y ack 
es ing to yellow] low peat black 
Molybdenum Brown ‘Deep brown /|Brown | 
Nickel Apple-green ete white a” PPeet hea cle 
| pitated 
PSE SD a=. —_—_———— — STS EERE OS | SASS Sa 
Purple, chang- 
Osmium ing to deep 
ie blue 
° Olive.* Deep 
Palladium orange Dark brown!Dark brown 
No precipit. ; 
: but an orange/Dark green _|Precipitated 
Platinum coloured one} becoming in a metal- 
by pruss. of | — paler lic state 
mercury 
iodium No precipitate No precipit. 
Rhodi No precipitat No precipit 
. Yellowish 
—F Wh : ack Black 
Silver ite aoe Black 
Tellurium No precipitate|Yellow [Blackish 
Tin White -INo precipitate) Brown Black 
he ober Reddish Reddish Not preci- 
: "ass-OT 
Titanium brown brown pitated ee 
Tungsten | | 
; , Brownish 
Uranium Blood-red Chocolate 
yellow 
Zinc White No precipitate|Yellow White 
bie Guise ola eee “even Iss tk 


* Chenevix. + Wollaston. 
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Table of Simple Affinity.* 


OXYGEN OXYGEN.t NITROGEN Arsenic 
; * |Molybdena 
Metallic bases | Titanium Oxygen 
ofthealkalis| Manganese |Sulphur? 
and earths | Zinc Phosphorus 
Carbon Iron Hydrogen POTASSA, SODA, 
Manganese [Tin AND AMMONIA. 
Zinc Uranium ————— 
Iron Molybdenum Acids. 
Tin Tungsten HYDROGEN. | Sulphuric 
Antimony Cobalt Nitric 
Hydrogen Antimony Oxygen Muriatic 
Phosphorus | Nickel Sulphur Phosphoric 
Sulphur Arsenic Carbon Tluoric 
Arsenic Chrome Phosphorus Oxalic 
Nitrogen Bismuth Nitrogen Tartaric 
Nickel Lead Arsenic 
Cobalt Copper ——_—__———.|_ Succinic 
Copper Tellurium Citric 
Bismuth Platinum aid REAR >| Lactic 
Caloric ? Mercury fee Beare 
Mercury Silver Potassa Sulphurous 
Silver Gold Soda Acetic 
Arsenious Tron Mucic 
acid ———_-——— | Copper Boracic 
Nitric oxide Tin Nitrous 
Gold CARBON,  |Lead Carbonic 
Platinum Silver Prussic 
Carbonic- Oxygen Bismuth Oil 
oxide Tron Antimony Water 


Hydrogen Mercury Sulphur 


* This table, it may be necessary to observe, does not express accurately 
the comparative affinities of bodies, but denotes, merely the actual order of 
decomposition, which, as Berthollet has shown, may often be contrary to that 
of affinity, owing to the influence of various extraneous forces. A valuable 
Table of Elective Attractions, numerically represented by Dr. Young, may 
be found in the Phil. Trans. for 1809, or in Nichelson’s Journal, 8vo. xxiii. 
354. The length of the table, and of the explanation which should accom- 
pany it, prevent me from giving it a place in this Appendix. 

+ Vauquelin’s table of the affinity of the metals for oxygen, according to 
the difficulty with which their oxides are decomposed by heat. 
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Table of Simple Affinity,— Continued. 


BARYTA. 


Acids. 
Sulphuric 
Oxalic 
Succinic 
Fluoric 


Mucic 
Nitric 
Muriatic 
Suberic 
Citric 
Tartaric 
Arsenic 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 
Sulphur 
Phosphorus 
Water 


Fixed oils 


STRONTIA. 


Acids. 
Sulphuric 
Phosphoric 
Oxalic 
Tartaric 

Fluoric 

Nitric 


Acids, 
Muriatic 
Succinic 
Acetic 
Arsenic 
Boracic 
Carbonic 


Phosphoric | Water 


LIME. 


Acids. 
Oxalic 
Sulphuric 
Tartaric 
Succinic 
Phosphoric 


Mucic 
Nitric 
Muriatic 
Suberic 
Fluoric 
Arsenic 
Lactic 
Citric 
Malic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 
Sulphur 
Phosphorus 
Water 
Fixed oil 


MAGNESIA. 


Acids. 
Oxalic 
Phosphoric 
Sulphuric 
Fluoric 
Arsenic 
Mucic 
Succinic 
Nitric 
Muriatic 
‘Tartaric 
Citric 
Malic? 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 


Sulphur 


ALUMINA. 


Acids. 
Sulphuric 
Nitric 
Muriatic 
Oxalic 
Arsenic 
Fluoric 
Tartaric 
Succinic 


Mucic 


Acids. 
Citric 
Phosphoric 
Lactic 
Benzoic 
Acetic 
Boracic | 
Sulphurous 
Nitrous 
Carbonic 
Prussic 


eR 


SILICA. 


Fluoric acid 
Potassa 


OXIDE OF PLA- 
TINUM,. 
GOLD.* 


Gallic acid 
Muriatic 
Nitric 
Sulphuric 
Arsenic 
Fluoric 
Tartaric 
Phosphoric 
Oxalie 
Citric 
Acetic 
Succinic 
Prussic 
Carbonic 
Ammonia 


* Omitting the oxalic, citric, succinic, and carbonic, and adding sulphu- 
reted hydrogen after ammonia. 
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Water 


OXIDE OFIRON. 


Gallic 
Oxalic 
Tartaric 
Camphoric 
Sulphuric 
Mucic 
Muriatic 
Nitric 
Phosphoric 
Arsenic 
Fluoric 
Succinic 
Citric 
Lactic 
Acetic 
Boracic 


Carbonic 


OXIDE OF TIN.™ 


Gallic 
Muriatic 
Sulphuric 
Oxalic 
Tartaric 
Arsenic 
Phosphoric 
Nitric 
Succinic 
Fluoric 


Fluoric Oxalic 
OXADE OF SIL- ‘ . 
ae Acetic Tartaric 
y Benzoic Muriatic 
Gallic acid Boracic Sulphuric 
Muriatic Prussic Mucic 
Oxalic Carbonic Nitric 
Sulphuric Arsenic 
Mucic —|Phosphoric 
Phosphoric Succinic 
Sulphurous jox1pEoFLEAD.|Fluoric 
Nitric ; Citric 
: Gallic : 
Arsenic mis 4. tga: Lactic 
‘ Sulphuric 
Fluoric E Acetic 
Tartaric tas Boracic 
qld Oxalic at 
Citric : Prussic 
; Arsenic ° 
Lactic Poet Carbonic 
S susie artaric : Ikali 
uccinic : Tixed alkalis 
M cots Phosphoric . 
cetic ge Ammonia 
Pp ; Muriatic a : 
russic Fixed oils 
C j Sulphurous 
arbonic Suberic 
Ammonia Nitric 
Fluori : 
icing OXIDE OF AR-,Prussic 
Citric oe 
OXIDE OF men Malic | ji 
cury. eta Gallic 
" [Lactic Ml aiace 
; ; Acetic ns 
Gallic acid ; Oxalic 
oe Benzoic ’ 
Muriatic ; Sulphuric 
Oxalic Boracic Nitric 
ip tote: Prussic 7 ; 
Succinic : Tartaric 
Arsenic Carbonic Phosphoric 
Phosphoric Fixed oils Fluocie 
ee Ammonia ee 
Sulphuric Succinic 
Mucic Citric ° 
Tartaric Acetic 
Citric Prussic 
Malic OXIDE OF COP-|hixed alkalis 
Cc 
PER. : 
Sulphurous Ammonia 
Nitric Gallic Fixed oils 


Mucic 


* Bergman places the tartaric before the muriatic. 
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Citri i 
Cc Benzoic SULPHUROUs |PHOSPHOROUS} 
Lactic Oxalic 
s ‘ ACID. ACID. 
Acetic , Sulphuric ee a 
Boracic Nitric | B east 
Prussic Tartaric Baryta ened ' 
Ammonia —_|Mucic Lime ates — 
Phosphoric _ |Potassa Ss eed 
Citric Soda hear 
OXIDE OF ZINC.|Succinic Strontia Glucina . 
; Fluoric Maenesia se 
Gallic : we Alumina 
: Arsenic Ammonia ; : 
Oxalic : : Zirconia 
Ae Nicer Lactic Glucina - aan 
ulphuric mae Atamiee Metallicoxides} 
Muriatic = : ai = 
Muci Boracic Zirconia 
fucic ; : : 34! : 
stk, Prussic Metallicoxides : 
Nitric ; NITRIC ACID. | 
: ixed alkalis 
Tartaric . -|MURIATIC.—§,} 
ake Ammonia 
Phosphoric oe 
Citric nih Baryta 
Succinic Potassa 
Pic. SULPHURIC | PHOSPHORIC |Soda 
PR sok ACID. ACID. Strontia 
Nace PRUSSIC.* CARBONIC.{ |Lime | 
(Maen | Magnesia 
Seracts Baryta Baryta Ammonia 
. : Strontia Strontia Glucina 
Prussic A ; 2 
Carkeiene Potassa Lime Alumina 
; ee POUR Potassa Zirconia 
Fixed alkalis ; 2 : : 
Aitexicubiie Lime Soda Metallicoxides 
. : Magnesia Ammonia 
———--——— Ammonia Maenesia 
Gluci Glucin: ’ 
pulsars bib dail Olnie ucina FLUORIC ACID. 
Yttria Alumina BORACIC ——— || 
TIMONY. e 2 v 7 
Alumina Zirconia ARSENIC —— § 
Gallic Zirconia Metallicoxides|runGsric 
Muriatic Metallicoxides|Silica {Lime 


* With the omission of all after ammonia. 
+ Ammonia should come before magnesia; and strontia, glucina, and 


zirconia should be omitted. 


{ Magnesia should stand above ammonia, and alumina and silica should 


be omitted. 


§ Ammonia should stand above magnesia. 
|| Silica should be omitted, and instead of it, water and alcohol be ins 


serted. 
q Except silica. 
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Baryta Zirconia Soda Magnesia 
Strontia Ammonia Oxide of mer- 
Magnesia Baryta cury 
Potassa . Lime Other metallic 
Soda | OxALic act. |Magnesia oxides 
Ammonia TARTARIC— |Alumina Alumina 
Glucina CITRIC—f. . 
Alumina 
Zirconia Lime ALCOHOL. 
Silica Q HORIC 
Baryta CAMPHORIC |yq7 44) 
Strontia ACID. 
Maonest Ether 
one ni Lime Volatile oil 
‘eat Potassa Akaline sul- 
ACETIC ACID. |Soda Sola Lineael 
LACTIC — Ammonia crc P 
SUBERIC.* Alumina ré Mba mento 
. 2 mmonia 
Metallic oxides re 
: Alumina SULPHU- 
Baryta Water i 
Potassa |Alcohol Magnesia Se 
HYDROGEN. 
Soda 
Strontia wa Baryta 
Lime See Potassa 
Ammonia BENZOIC ACID. s * Soda 
Maenesia | Lime Lime 
Metallic oxides! White oxide |Baryta Ammonia 
Glucina of arsenic |Potassa Magnesia 
Alumina Potassa Soda Zirconia. 


* With the omission of strontia, metallic oxides, glucina, and zirconia. 
+ Zirconia after alumina. 
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TABLE 


Showing the Composition of several of the principal Mineral 
Waters. 


[N. B. The temperature, when not expressed, is to be understood to be 49° 


or 50° Fahrenheit.]} 


I. CaARBONATED WATERS. 


SELTZER. Bergman. 
Tn each vine pint. 


Carbonic acid..<e. .3 3... 17 cub. in 


Specific Gravity 1.0027. 
Carbonate of Soda... d..0000% 
- of magnesia ...... 5 
oo Oe TEV os a5 + cua aie 
Chloride of sodium .......... 17 


Gems 


CarisBap (Temperature 165° Faht.) 
‘ Berzelius, 
In a wine pint. 
Carbonic acid ........000% 


In 1000 parts by weight. 


Sulphate of soda ....... 2.58714 grs, 
Carbonate of soda...... 1.25200 
Chloride of sodium .... 1.04893 
Carbonate of lime. ..... 0.31219 
Flaate of dows. cass § 0.003381 


Phosphate of do........ 0.00019 
Carbonate of strontia... 0.00097 
—-of magnesia . 0.18221 
Phosphate of alumina ,. 0.00034 
Carbonate of iron ..... 0.00424 
Carbonate of manganese, a trace 
DICE ose cdwewe es canes ss OREOO® 


5.46656 


Spa. Bergman, 
Specific Gravity 1.0010. 
In each wine pint. 
Carbonic acid,. ........ 13 cub. ins | 


sere 


Carbonate of soda .......... 1.5 gr. 
— of magnesia ...... 4.5 
— of lime........ ee 
Chloride of sodium ......... 0.2 
Oxide of iron ....eceseeeees 9.6 
8.3 


Pyrmont. Bergman. 
Specific Gravity 1,0024. 
In each wine pint. 
Carbonic acid ........... 26 cub. in. 


Carbonate of magnesia .... 10. grs. 
=——— Of lite focsad... A 
Sulphate of magnesia ...... 3.5 
"Ot MMC. cisupe otk Ose 
Chloride of sodium .....-..- 1.5 
Oxide of iTOD. . . ....0:09:0,0.0 6% 0.6 
30.6 
PouGes. Hassenfratz. 
In each wine pint. 
Carbonic acid .......+- .. 30 cub. in. 
Carbonate of soda .. ..... 10. grs. 
—~ of magnesia .... 1.2 
———~ of lime... ...... 12. 
Chloride of sodium .eecceee 22% 
Oxide of iron.,....seeeee0e 2.5 
SHNCE Ayers cdeaacwies.0 0AMUGle 0.5 
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Il. SuLPHURETED WATERS. 


Arx LA CHareLtLk, Bergman. 
Temperature 145°, 
In each wine pint. 
Sulphureted hydrogen. .. 5.5 cub. in. 


Carbonate of soda......... 12. grs. 
——= of lime... See, eet 
Muriate of soda........... 5. 
21.75 


CHELTENHAM, Sulphur Spring. 
Brande and Parkes. 
Specific Gravity 1.0985. 
In each wine pint. 


Carbonic acid .........0% 


1.5 cub. in, 
Sulphureted hydrogen.... 2.5 


Sulphate of soda .......... 23.5 grs. 
———- ofmagnesia ...... 5. 


—— oflime........... 1.2 
Muriate of soda...........+ 39. 
Oxide of iron...... hs Aaa, BOS. 0.3 

65. 


LEAMINGTON, Sulphur Water. 
Scudamore. 
Specific Gravity 1.0042. 
Sulphureted hydrogen, quantity not 


ascertained. 
Tn each pint. 


Muriate of soda............ 15. grse 
=ofhme:? 2. Sete. 7.96 
— of magnesia ...... 3.30 
Sulphate of soda ........ aS P00 
Oxide of iron......seeee... a trace 
37,56 


MorraT. Garnet. 

eo oettooeoce 0.5 cub, ine 
vi in OR igh .. 0.6 

LZ 


Nifrogen 
Carbonic acid 
Sulphureted hydrogen.... 


Muriate of soda... ...... 4.5 grs. 


HaRrroGsaTe WATER. 
New Well at the Crown Inn. 
(West. Quart. Journ. xv. 82, 
Specific Gravity 1.01286 at 69°. 
One wine gallon contains 
Sulphureted hydrogen, 6.4 cub. in. 


Carbonic acid ........ . 5.25 
1205 a rs ae OS 
Carbureted hydrogen,. 4.65 
32.8 
Also, : 
Muriate of soda « «sis sions 1p) SD ae, BES. 
SOF WME tives acts ee Aas 
—-——— of magnesia...... 43. 
sicarbonate of soda ...... 14.75 
864.25 


Old Well. 

Sp. gr. 1.01324 at 66°. 
Sulphureted hydrogen ,, 14.0 cub, in. 
Carbonic acid... ..s500it4.2! 
AZGUCPAS occ ues Feds ae: 


Carbuteted hydrogen .. 4.15 
30.4 
Also, 
Muriate of soda .......... 75 


g 
AMD oon o's be:00d 65. 
— of magnesia...... 29.2 
Bicarbonate of soda...... 12.8 


III. Sauinr Wavers. 


Serpuirz. Bergman. 
Specific Gravity 1.0060, 
In a pint. 
Carbonate of magnesia.... 2.5 
—of lime ...... g8? SOLS 
Sulphate of magnesia...... 180 
= GENMO Lsrecscces De 
Muriate of magnesia...... 


CHELTENHAM, pure saline, Parkes 


and Brande. 
Specific Gravity 1.010, 
In each pint. 
Sulphate of soda .......... 15. 
of magnesia..... a ee. 
OE DUBE). Science teen SED 
Muriate of soda,.......000- 50. 


80.5 
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LEAMINGTON, saline. Scudamore. 
Specific Gravity 1.0119. 


In a pint. 
Muriate of soda ..3...... 53.75 
~— of lime ....... .. 28.64 
— of magnesia,.... 20.16 
Sulphate of suda......... 7.83 
Oxide of iron...... shares a trace 
110.38 


Leamineton, Lord Aylesford’s spring. 


Scudamore. 
Specific gravity 1.0093. 
In a pint. 
Muriate of sada .......... 12.25 
omen Of LIME... 2. cece Leet 
~ of magnesia...... 5.22 
Sulphate of soda ......... 32.96 
Oxide of iron ............ a trace 


78.67 


Brisrox. Carrick. 
Temp. 74°, Specific gravity 1.00077. 
In each pint. 
Carbottic ackt «$1279.58, siacub, ‘in. 


Carbonate of lime ....... grs, 
Solphateof soda... 2... 
of\lime 
Muriate of soda .......... 


Muriate of magnesia...... 


1.5 
1.5 
ak eee wee 
0.5 


6.0 


Batu, Phillips. 

Temp. 109° to 117°. Sp. grav. 1.002. 
In each pint. 

Carbonic acid. ...6..0.+ 2 cub. in. 


Carbonate of lime...... 0.8 
Sulphate of soda ...... 1.4 

Of ME 565,050 9.3 
Muritate of soda. ..c000«. Si 
SUMO o's «a gta tera eNom ine aie 0.2 
Oxide of iron.......«.. atrace 


16.3 


Barn, Solid contents. Scudamore. 
Muriate of lime ...... ee AS. “ees, 
—of magnesia .... 1.6 

Sulphate of lime ........ 9.5 


= Of SOG8. «<< ean: ae) 
INCA come keene sae. « ae 
Oxide of iron ..,....... 01985 
Loss, partly carb, ofsoda = .58015 


am. 


as 


Buxton. Scudamore. 
Sp. gr. at 60°. 1.0006. Temp, 82°. 
In a wine gallon. 


Carbonic acid,...... -»- 15 cub. in, 
Nitrogen ....: Lnveeps seta A008 


Muriate of magnesia...... 58 grs, 
—ofsoda.......... 2.40 
Sulphate of lime ........ .6 
Carbonate of dlo.......... 10.40 
Extractive and vegetable 
matter ‘ ‘ hii 


Loss eoevrenrerere 0.52 


iby 


Or, according to Dr. Murray’s views, 


Sulphate of soda.......... 0.63 
Muriate of lime .......... U.57 
HOE SOMA. Sinn can, LSO 
— of magnesia...... 0.58 


Carbonate of lime........ 10.40 


Extract and 1088. ...ecee.. 1.02 
15.00 
MATLOcK BATH. Scudamore. 


Temp. 68°, Sp. gr. 1.0008. 
Free carbonic acid. 
Muriates and magnesia, lime, and 
sulphates of soda? 
in very minute quantities not yet as- 
certained. 
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TV. CHALyBEATE WATERS. 


TuNBRIWGE. Scudamore, 
Specific gravity 1.0007, 


In each gallon. 


Muriate of soda .......e04 2.46 

~of lime ....... «. 0,39 
——-— of magnesia ...... 0.29 
Sulphate of lime ...... aie os 2: 
Carbonate of lime ........ 0.27 


Oxide of iron ...seceneeee 2022 

Traces of manganese, ve- 
getable fibre, silica, ue 

Bp s0b5 05040540408 053% 


7.61 


CarrrennAm. Brande and Parkes. 
Specific gravity 1.0092. 
In a pint. * 

Carbonic acid ...... ceae Sp CRD. 1. 
Carbonate of soda ........ 0.5 
Sulphate of soda .......... 22.7 

— of magnesia ...... 6. 

= Of lige” syers snc aa ee 
Muriate of soda ......eee. A1.3 
Oxide of iron .,.seeee2.- 0.8 


Brieuton, Marcet. 
Specific gravity 1.00108. 
Carbonic acid gas........ 23 cub. in. 


ees 


Sulphate of iron .......... 1.80 grs. 
——-— of lime .......... 4.09 
Muriate of soda so... <.. 1,58 
“— of magnesia ...... 0.75 
PILICH .-0:0 ae ae oen seh wets 0.14 
DOES css ceigeBmaaigau os aeeeiee, Ole 
8.50 


HaRRoGAteE, Oddie’s chalybeate. 
Scudamore, 


Specific gravity 1.0053. 


In each gallon. 


Muriate of soda .......... 300.4 
—of lime,.... eipiepisng ioe 
— of magnesia...... 9.9 
Sulphate of lime...... ee 
Carbonate of do. ...... oe lu 
of magnesia.... 0.8 
Oxide of FrOni. 6.550% son. 2.40 
Residue, chiefly silica.... 40 
344,46 
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TABLE 
SHOWING THE 


PRINCIPAL CHARACTERS OF THE EARTHS AND METALLIC 
OXIDES BEFORE THE BLOWPIPE,* 


_ ABBREVIATIONS.—O. F. Ovidating Flame. R. F. Reducing Flame. = parts; 
qual Parts of the Assay and Flux. N.C. Nitrate of Cobalt. Fl. Flaming. C. under 
he Column of either of the Fluxes means that the Support is Charcoal. P.¥F. Platina 
“ou, P.W. Platina Wire. A Brace 5 y refers to the Substances in the first Column only, 
nd includes all those which are Se aitnieel in the Space it comprehends. 


HEATED ALONE ON 


ASSAY. 
‘ PLATINA. CHARCOAL. 
ee ee Se et tics peheenencee sammaten 
RAMS sensrseane 
Pa scciescenest, -tnfusible Infusible 
Tydrate s.w.020 _ Bubbles up and fuses Is absorbed 


Carbonate »++..-| Fuses readily into a clear glass;| Becomes caustic, and is absorbed 
enamel-white on cooling 

BHtIA, ..0055e0 0] 9 antusible Infusible 

Hydrate. ......| Like baryta 

Carbonate ..+ee.| Fuses with moderate heat at the 
surface, great brilliancy;  tinges 
strong R, F. red; becomes alkaline 

BE: 5's. 0's «sind. 0) NO-Chlange 


Varbonate ..eees Becomes caustic and alkaline; 
emits brilliant white light 

LOTESIAs soe ve oes No change No change 

PUMA. 2. sires No change No change 

Bet. sss .e»-| No change No change 

Dis ss aieiee'e oo. No change No change 

EPI «6s oes of .| Infusible: emits intense light Infusible ; emits intense light 
SESE eee No change No change 


lybdic acid ....| F. fumes and fuses; brown-yellow| Fuses, and is absorbed, and partly 
on cooling ; in R. F. blue; intense|reduced 

heat, brown 

ngstic acid ..... RoE blackens, but not reduced. The same 

ide of chrome. ..! No change The same 


* From Mr. Children’s Translation of ‘¢ The Use of the Blowpipe in Chemical Analysis, 
1 in the Examination of Minerals; by J. J. Berzelius,” 
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HEATED ALONE ON 
ASSAY. 
PLATINA. CHARCOAL. 


REET ES fF ED EN en CRE CEES | 


Antimony ........ 


Fuses readily ; white fumes, which 
condense into pearly crystals 
Oxide of antimony| Fuses readily, and sublimes, in| Fuses readily, and reduces: co- 
white fumes; precipitated owidc,|lours the flame greenish 
burns like tinder into antimonious 


acid 

Antimonious acid. Does not fuse, nor reduce; gives 
a bright light 

Antimonic acid ... Whitens ; is changed to antimo~ 

. nious acid 

Oxide of tellurium.| F. fuses and fumes Fuses, effervesces, and reduces 

Oxideof columbium| No change The same 

Oxide of titanium. .| No change The same 

Oxides of uranium. i Peroxide becomes _ protoxide ; 
blackens, but does not fuse 

Oxides of cerium...} Protoxide becomes peroxide Peroxide does not alter 

Oxide of manganese Not fused; becomes brown in a 


strong heat 
Oxide of zinc. ....| Yellow while hot; white when 
cold; does not fuse, but gives out 
great light when very hot, and white 
fumes, which condense like wool 


Oxide of cadmium,} IF’. no change Soon dissipates; leaves a red or 

orange-yellow powder on the char- 
coal 
Oxide of iron,.....| O.F. no change R. F. blackens and becomes mags, 
netic 

Oxide of cobalt. ..| No change The same 

Oxide of nickel....| No change The same 

Bamuthor ress Flies off in fumes, and leaves a 


mark with red, or orange edges, 
which may be dissipated in R. F.- 
without giving colour to the flame 
Oxide of bismuth) F. fuses readily, mass dark-brown, Instantly reduced 
lyellowish on cooling. In very intense 
iheat reduces, and perforates the foil 
Protoxide takes fire, and burns} R. F. peroxide does not fuse, but 
like tinder into peroxide reduces in a strong prolonged heat 
Minium becomes black while hot;} Orange glass reduces into a glo- 
‘at incipient redness, changes to yel-|bule of lead 
low oxide, fusible into orange-colour- 
ed glass. 
Oxide of copper. .. O. F. black globule; flows over 
the charcoal; under surface reduces 
R. F. reduces; with strong heat 
gives a bead of metal 


Oxides of tin...... 


Oxide of lead..... 


TLCNOUIY : sind es a's 
Oxide of silver ....| Instantly reduced Instantly reduced 
(O05) rn re 
Paes 28 
TCU) osiee se ee 
Rhodiwm. civccces 
Palladium ........ 
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ASSAY. HEATED Witu FLUXES. 


Sopa. Borax. SALT OF PHosruorus. 
Beikolid’,- o>... | 
a2 “Us i i : 
y ; Fuse, and are ab- l Fuse readily with As with borax, but 
Yara. Oe effervescence into a . 
C sorbed by the charcoal i foam and intumesce ; 
arbonate ...... : ioe glass, which be- fend in a clear glass 
comes opaque by F1 S 
Btrontia..... 0% .-.| No action on caustic 
strontia ; F 
a pany i 
Carbonate ......} = parts, fuses into a 


clear glass, becomes milky 
on cooling: in strong 
heat, bubbles, and ab- 
sorbed by the charcoal 

Fuses in large quan. 


Clear glass; opaque] | 
tity; clear glass 


Gta le eeepc No sensible quantity by Fl 


Carbonate ...... dissolved. Fuses with efferves-| Fuses with efferves- 
cence; with more car-|cence 
|bonate clear glass ; crys- 
tallizes on cooling 
Magnesia ...... at Netwetiga Like lime Fuses readily; clear 
glass; saturated with 
magnesia, opaque on 
cooling 
Wiemina......... Swells up: forms. an| Fuses slowly; perma-|  P. ermanently —_ clear 


glass 


nently clear glass 
As with borax 


Clear glass, with a 
large proportion of the 
assay ; opaque by Fl 


infusible compound 
Glucina..........| No action 


ID. oe ee coc wes Like glucina Like glucina Like glucina 

mireonia........ ..| Similar to glucina Like glucina Like glucina, but dig- 
5 solves more difficultly 

ae Fuses with brisk effer-| Fuses very slowly;| Very small portion 


vescence $ clear glass 
Molybdic acid,....| P. W.  effervesces, 
clear glass; becomes/O. F. greenish glass while hot ; 
C. and in R. F. glassicolourless, cold. 
C. fuses, absorbed andjbecomes _ dirty-brown,| In R. F. becomes 


reduced but not opaque opaque ; dull blue while 
hot ; clear and fine green 
on cooling 
C. same phenomena 
Tungstic acid. ,...| P. W. dark-yellow} P. W. andO.F. clear] O. F. yellowish glass 


glass ; not opaque by Fl} R. F. fine blue glass 
R. F. glass becomes 
yellow 


glass, crystallizes on cool- 
ing; opaque white or yel- 
lowish 
C. and R. F. reduced 
Ixide of chrome ..} P. W.andO.F.dark-| C. fuses difficultly.| Green glass in both 
orange glass; opaque|glass emerald-green; on/flames 
and yellow on cooling |P. W. and O. F. the 
R. F. opaque; glassjcolour flies, and glass be- 
green on cooling comes brown-yellow ; on 

) C. absorbed, but not/cooling, assumes a faint- 

) reduced green tinge 

MGONY .. 6000 35 ; : 

Oxide of antimony| P. W. fuses; clear co-| C. dissolves in large] P. W. and O.F, glass 
lonrless glass becomes|quantity ; glass yellow-lyellowish, hot; colour 
white on cooling ish, hot; almost colour-j|flies on cooling 

C. is reduced less, cold. If saturated. 
part reduced and sub- 
limed; strong R. F., the 
glass becomes opaque anc 
greyish 
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8 Bi 
HEATED WITH FLUXES. 


SoDA. Borax. SALT OF PHOSPHORUS. 
Antimonious acid. 


Antimonie acid .. . 
Oxide of tellurium | P. W. colourlessglass;|_ P- W. clear, colour-/ The same 


ASSAY. 


white on cooling less glass ; white on cool- 
C. reduced | ing 
C. becomes grey and 


opaque. 
Oxide of columbium} Combines with effer-| Colourless, clear glass, Fuses easily; glass, 
vescence, but not fused|becomes opaque by Fl permanently clear 
or reduced 
Oxide of titanium. .| Fuses into acleardark-| P.-W. fuses, easily;| O. F. clear, colourless 
| yellow glass; white orlglass, colourless; _be-iglass ; 
grey-white on cooling,jcomes milk-white by Fl| R. F. and on C. glaks, 
and crystallizes with evo-| R. F. glass assumes alyellowish, hot ; on cool- 
lution of great heat dark amethyst colour, butjing, first red, then very 
C. not reducible transparent fine bluish-violet 
In large quantity on 
C. and R. F. glass, dull- 
yellow ; when cold, deep.. 


blue 
Oxides of uranium | C. brown yellow; not} P. W. dark-yellow| P. W. and O. F. clear 
fused glass; in R. F, becomes|yellow glass ; cold, straw- 
dirty-green yellow, slightly green 


C. and R. F. fine 
green glass 
Oxides of cerium.,| C. not fused, soda, ab-| O. F. fine red, or deep} O. F. fine red glass 3 
sorbed; white or grey-jorange-yellow glass; co-|colourless when cold, 
white protoxide remainsilour flies on cooling ;jand quite limpid 
on the surface cold yellowish tint. Ena- 
mel white by Fl. In 
R. F. loses it colour 
Oxide of manganese} P. F. fuses, green} O. F. clear, amethyst] The same, but colour 
glass, clear; cold, bluish-|colour glass; colour fliesjnot so deep. In fusion 


green in R. F. in O. F. boils, and gives 
C. not reduced off gas; in R. F. fuses 
quietly 


Oxide of zinc.....} ©. not fused, but re-} O. F. fuses easily,| Nearly the same 
duced, with flame; white|clear glass becomes 
fumes, which cover thelmilky by Fl 
charcoal 
Oxide of cadmium.| P. W. not fused P. W. yellowish glass,| Dissolves in large 
C. reduced, sublimes,jcolour flies on cooling ;|quantity, clear glass; om 
and leaves a circular yel-jon C. glass bubbles, cad-|cooling, milk white 
lowish mark mium reduced, sublimes, 
and leaves yellow oxide 
Oxide of iron ....| C. absorbed and re-| O. F. dull red glass} Similar to borax 
duced ; not fused becomes clear and yel- 
lowish, or colourless by 
cooling ; 
C. and R. F. bottle- 7 
green glass, or bluish- | 
green : 
Oxide of cobalt....| P.- W. pale-red by} Fuses readily, deep-| The same, the colour 
transmitted light; grey,|blue glass appears violet by candles 


cold: light 
Oxide of nickel..,.} CC. absorbed and re-| QO. F. orange-yellow,) As with borax, but he 
duced ; not fused or reddish glass;  be-|colour flies almost wholly 
comes yellow, or nearlyjon cooling 
(colourless, on cooling 
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ASSAY. HEATED WITH FLUXES. 


Sopa. Borax. SALT oF PuHosPHonvs. 
te 
Bismuth ........, 

Oxide of bismuth. O. F. colourless glass | O. F. yellowish brown 
R. F. partly reduced,|glass, hot; colourless, 
muddy greyish glass but not quite clear, cold- 
R. F. clear and co- 
lourless glass _ hot $ 
opaque and _ greyish- 
; , “black, cold 
Oxides of tin «....| p, w, effervesces, tu-| Fuses with great diffi-| As with borax 
mified, infusible mass _{culty ; permanently clear 
Z C. readily reduced _[glass 
Oxide of lead.....) P, W, clear glass be-| P. W. clear glass,| Clear colourless glass 
comes yellowish andlyellow, hot; on cooling, 
Opaque on cooling colourless 
C. instantly reduced C. flows over the sur- 
; face and reduces 
Oxide of copper....! PW, fine green glass,; O. F. fine green glass,| O.F. similar to bo- 
\hot ; on cooling, colour-|which in R. F. becomes|rax ; R. F. glass usually 


es 


ee Seen 


ae 


less and opaque colourless, hot; but cin-|red, opaque, and like an 
C. absorbed and re-jnabar-red and opaqueljenamel 
. duced when solid 
Mereury.....e0805 
Oxide of silver... . O. F. glass becomes} ©. F. yellowish glass 
milky, or opaline, onjviewed by transmitted 
cooling light by day, by candles 
R. F. greyish light reddish 
e e ¥ i h 
Gold iiss i054 seis s x : ereyis 
BOs ds Fo Reat 
BRIOIUI, oc 3 50 
Rhodium......... 
Palladium........ 
ee | 
Assay. WITH OTHER REAGENTS. REMARKS. 
Alkalis....... bees The alkalis are not readily dis« 


tinguishable by the blowpipe- Lithia 
eaves a dull yellow stain, when 
heated to redness on platina foil. 
Ammonia may be known by heating 
the assay with soda: it gives off a 
pungent vapour, which turns the yel- 
low colour of moistened turmeric 
paper brown 


Hydrate......+..| pshades of red; colour flies on 
Carbonate ........|_) cooling 

Strontia. .. 2.0.00 
Bliydrate..:.. esas. 
Carbonate ....-.-- 


BANE... 0.3 soess ‘ N. C. black or dark-grey mass, 


Baryta ae N.C. 3 a globule of different 


N. C. exhibit a black, or grey- 
ish-black colour ; do not fuse 


Carbonate.....+..|§ infusible 
Magnesia.........., N.C. flesh colour when quite 


cold 
Alumina ..........| N.C. fine blue glass, with strong] The blue colour is only distinctly 
heat when cold seen by day-light 


Glucina...........| N.C.3 black or dark grey mass 
MTAIAs 5 i's see o'bigee's . 
Zirconia... .0..++.+ 


2u2 
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WITH OTHER REAGENTS, 


N. C,; blue glass when perfectly 
fused 


Molybdic acid .... 


Tungstic acid ..... 


Oxide of chrome .. 
Antimony ........ 


Oxide of antimony 

Antimonious acid 

Antimonic acid... 
Oxide of tellurium.. 


Oxide of columbium 
Oxide of titanium. .| N, C. black, or greyish-black 
Oxides of uranium 
Oxides of cerium,.. 
Oxide of manganese 


Oxide of zinc...... 
Oxide of cadmium.. 
Oxide of iron 


Oxide of cobalt... .}. With subcarbonate of potassa, 
: : black glass when cold 

Oxide of nickel... . 

Bismuth....... se 
Oxide of bismuth 


Oxides of tin...... 
Oxide of lead ..... 
Oxide of copper .. . 
Mercury..... Be ean 


Oxide of silver.... 
Gold . o..666s Se 
PIARDS cesavaan 
Tridium..... yishe 


Palladium... 


REMARKS. 

The part not perfectly fused with 
nitrate of cobalt, has a reddish-blue 
disagreeable colour 

In the inclined glass tube, fuses, 
gives off vapour, which condenses | 
partly on the tube as a white powder, 
partly on the assay in brilliant pale- 
yellow crystals ; 

If tungstic acid contain iron, the | 
glass with salt of phosphorus is blood- 
red in R. F, Tin makes it green or 


blue 


Antimony does not sublime at the | 
fusing point of glass. On charcoal, 
when red, ignition continues sponta- 
neously. In a tube open at both 
ends, it gives off white fumes 


The oxide and acids of antimony 
behave alike with the fluxes 


Metallic tellurium heated in a glass 
matrass, first gives off vapour, and 
then a grey metallic sublimate of tel- 
lurium. In a tube open at both 
ends, emits abundant fumes which 
condense in a white fusible powder 


For the rest of the phenomena, see 
the original work. 


A very minute portion of manga- 
nese gives a green glass with soda 


The reduction of iron from the 
peroxide to protoxide is facilitated by 


tin 


] 


In a glass matrass does not sublime 
at the fusing point of glass. In an 
open tube scarcely gives off any 
fumes; the metal becomes covered 
with a dull-brown fused oxide, of a: 
slight yellowish tint, when cold : 


i 


All the compounds of mercury are 
volatile; mixed with tin or iron fil- 
ings, and heated in a glass tube, me= 
tallic mercury distils over ; 


( These metals have no action on 
| the fluxes, which can only serve to 
} detect the foreign metals they may 

be combined with.. They are best 
(examined by cupellation with lead 
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Hydrate of Chlorine.—Exhibition of pure Chlorine and other 
; Gases ina fluid State. 

Dry chlorine, it has been already stated (vol. i. p. 214.) is 
not condensible by a cold of — 40° Fahrenheit; but either the 
moist gas, or a solution of chlorine in water, crystallizes at + 
40° of temperature. ‘The crystals may be best obtained by in- 
troducing, into a clean bottle of the gas, a little water, but not 
enough to convert the whole into hydrate, and then exposing 
the bottle for a few days to a temperature at or below freez- 
ing, in a dark place. <A solid compound of chlorine and 
water is formed, which, in a day or two, sublimes and shoots 
into delicate prismatic needles, extending from half an inch 
to two inches into the atmosphere of the bottle. They appear 
to have a specific gravity rather exceeding 1.2. 

When these crystals are put into alcohol, they increase its 
temperature 8° or 10°, a rapid action takes place, and much 
ether and muriatic acid are formed, with a small proportion 
of a triple compound of chlorine, hydrogen, and carbon. 
They decompose the solutions of ammoniacal salts, from 
which they liberate nitrogen gas. At the same time, muriatic 
acid and chloride of nitrogen are formed. 

By precipitating with nitrate of silver a known weight of 
the crystals, made as dry as possible and then dissolved in 
water, Mr. Faraday, to whom we owe these interesting facts, 
- obtained proportions of chloride of silver indicating the crys- 


tallized hydrate to consist of . 


COPING 6.iw ovis icidewanan Zid 
Water ,rrsccvvrvcsnesecs 72.3 


Ses 


100. 
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This nearly accords with ten atoms of water to one of 
chlorine, giving for the equivalent of the hydrate 90 + 36 = 
126. 

A portion of the solid and dried hydrate was put into a 
small bent tube, which was hermetically sealed. On being 
heated to 100°, a yellow vapour formed, which condensed 
in the cool part of the tube into a liquid heavier than water, 
(sp. gr. probably about 1.3.) On relieving the pressure by 
breaking the tube, the condensed chlorine instantly assumed 
the state of gas or vapour. 

Sir H. Davy has found also that muriatic acid gas, gene- 
rated under similar pressure, becomes an orange coloured 
liquid, lighter than sulphuric acid, and instantly assuming the 
gaseous form when pressure is removed. Pursuing the same 
method of experimenting, Mr. Faraday has succeeded in con- 
densing into a liquid state sulphureted hydrogen, sulphurous 
acid, carbonic acid, cyanogen, protoxide of chlorine, and 
nitrous oxide. Other gases, and among them the simple 
ones, oxygen, hydrogen, and nitrogen, will, it is probable, be 
found condensible by similar means, all that is wanted being 
the means of applying sufficient pressure, in an apparatus which 
shall enable us at the same time to observe the accompanying 
phenomena. (Quart. Journ. xv. 74, 163.) 


Conversion of Liquids into Vapours under strong Pressure. 


It is well known that by means of a Papin’s digester we are 
enabled to raise the temperature of liquids considerably above 
the points, at which they boil under the mean pressure of the 
atmosphere ; and it seemed probable that the internal pres- 
sure, augmenting with the temperature, must effectually pre- 
vent the total volatilization of the liquid, especially if the 
space, left above the liquid, is not of a certain extent. But 
provided sufficient space is allowed for the generated vapour, 
it appeared to Mr. Cagniard de la Tour a necessary conse-_ 
quence, that there should be a limit, beyond which these 
liquids ought, notwithstanding the pressure, to be completely 
volatilized ; and to verify this opinion he was led to make 
some interesting experiments. | 

A strong glass tube, contajning about two fifths its capacity 
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of alcohol, sp. gr. 837, being carefully heated, the alcohol 
continued to expand, till, sibs having attained nearly double 
its original volume, it was converted into vapour so trans- 
parent, that the tube appeared completely empty. Allowing 
it to cool, the alcohol was again condensed into a liquid. 
When the proportion of alcohol to the capacity of the tube 
was increased, the consequence was the bursting of the tube. 
Similar results were obtained with naphtha and ether, the latter 
requiring less space than the former for being converted into 
vapour without breaking the tube; and naphtha less space than 
alcohol. No difference was occasioned by the presence of 
atmospheric air in the tubes, or its exclusion from them, ex- 
cept that the ebullition of the liquid was then much more 
moderate. 

The same success did not attend the first attempt to con- 
vert water into vapour; for when a tube, about one third filled 
with water, was similarly heated, it burst with an explosion. 
The inner surface of the glass tube appeared also to have 
been acted upon, its transparency being impaired. 

M. de la Tour afterwards ieudeaesaed: by means of a guage 
which measured the bulk of a confined portion of air, sub- 
jected, through the intervention of a column of quicksilver, 
to the pressure of the generated vapour, the density of the 
latter. Alcohol converted into vapour, and occupying a 
space a little exceeding three times its original volume, he 
found to exert a pressure = 119 atmospheres, and to require 
a temperature of 404.6° Fahrenheit. Ether, under the same 
circumstances, required a temperature of 320° Fahrenheit, 
and the force of its vapour was equivalent to 37 or 38 atmo- 
spheres. Water, to which a minute quantity of carbonate of 
soda had been added, ceased to act upon glass tubes; and 
though several tubes were broken, it was oe eid that 
water itself may be converted into vapour, provided the space 
exceed its volume about four times. (Annales de Chimie et 
de Phys. xxi. 127, 178, or Ann, of Philos. v. 290.) 


Fusion and Volatilization of Charcoal. 


Professor Silliman, of Yale College, America, appears first 
to have observed, on subjecting cylindrical pieces of charcoal, 
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tapered to a point, tothe galvanic deflagrator of Dr. Hare, when ~ 
in powerful action, that the charcoal point of the positive 
pole instantly shot out th, ith, or even ith of aninch. The 
charcoal of the oie pole underwent, in the mean time, a 
change precisely the reverse, its point disappearing, and a 
crater-shaped cavity being substituted in its stead. By plac- 
ing a piece of metal at the negative pole in lieu of charcoal, 
it was ascertained by the absence of the usual phenomena, 
that the increase, before observed in the charcoal at the 
positive pole, was occasioned by an actual transference of 
charcoal, from the former to the latter. On examining with 
a magnifier the projecting point of the charcoal at the positive 
pole, it was found to have undergone distinct fusion into 
small spheres collected into botryoidal or mamiilary concre- 
tions. (Ann. of Phil. iv. 119.) 

These experiments have been repeated, with arr re- 
sults, by Professor Griscom of New York. ‘The charcoal, he 
observes, seems to pass over in the state of vapour, to be con- 
densed on the positive pole, and then to undergo fusion by 
the intense heat. Charcoal, after being thus fused, is found 

to have become much harder, and to have acquired a great 

increase of specific gravity, sinking readily to the bottom of 
strong sulphuric acid. It is rendered so much less combus- 
tible, that it remains unaltered, when ignited on an iron plate 
with free access of air; but in a close act of oxygen gas, it 
was found entirely convertible into carbonic acid by the solar 
rays concentrated upon it by a powerful lens. Boiling sul- 
phuric acid is scarcely changed by it; and in strong and 
heated nitric acid the effect is slight, and ceases the moment 
the heat is withdrawn. (American Journal of Science, v. 
361.) 


Chloro-carbonic Acid—Phosgene gas of Dr. John Davy. 


(Omitted in its proper place after the Compounds of 
Chlorine and Carbon, vol. i. page 354.) 

When equal volumes of chlorine and carbonic acid gases, 
both previously dried by fused chloride of calcium, are intro- 
duced into a flask which has been exhausted of air, and are 
then exposed for a quarter of an hour to bright sunshine, com- 
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bination takes place, the colour of the chlorine disappears, 
and the constituent gases are condensed into half their united 
volumes. Hence its specific gravity must be equal to the spe- 
cific gravity of chlorine (2.5) + that of carbonic oxide (0.9722) 
= 3.4722, and 100 cubic inches must weigh 105.9 grains. 
Being produced by the agency of light, it was called by Dr. 
Davy phosgene gas, but as it exhibits distinctly acid proper- 
ties, it has since been better termed chloro-carbonic acid. It 
is constituted of an atom of carbon, an atom of oxygen, and 
an atom of chlorine, or of an atom of carbonic oxide and an 
atom of chlorine. Its equivalent, therefore, is 14 + 36 = 50. 


Chloro-carbonic acid has an intolerably pungent odour, 
_and excites a copious flow of tears. It reddens litmus paper. 
By contact with water, it is changed into muriatic and car- 
bonic acid gases. It condenses four times its volume of am- 
moniacal gas, and the product is a white neutral salt, from 
which the more powerful acids disengage muriatic and car- 
bonic acids, but acetic acid dissolves it without effervescence. 
Several of the metals decompose it, and unite with the chlo- 
rine, evolving carbonic oxide equivalent in volume to the 
‘original gas. 

Chloro-carbonic gas affords then an example of an acid 
with a simple base, and two acidifying principles, oxygen 
and chlorine, which are not often united in the performance 
of this function. 


New Acid (the Hydroxanthic, or Carbo-sulphuric) produced 
by the Action of Alkalis on Bisulphuret of Carbon. 


When bisulphuret of carbon is gradually added to a solu- 
tion of pure potassa, in alcohol containing 96 or 98 per cent. 
pure alcohol, and the mixture is agitated, the alkali is com- 
pletely neutralized by the formation of a new acid. This new 
acid contains sulphur, carbon, and hydrogen, the two first of 
which probably form a compound base, analogous to cyano- 
gen, and, like it, acidifiable by hydrogen. To the base, Mr. 
Zeise, Professor of Chemistry at Copenhagen, who first no- 
ticed these facts, has given the name of «xanthogene (from 
EuvSoc, yellow, and yeas, to generate) on account of the 


yellow colour of its compounds; and to the acid that of 
hydroxanthic acid. 3 
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The neutral solution, obtained in the above manner, may 
be made to deposit crystals by lowering its temperature to the 
freezing point, or by exposing it under an exhausted receiver 
along with sulphuric acid. These crystals are the hydrox- 
anthate of potassa. ‘They are needle-shaped ; without colour, 
except after exposure to the air, which renders them yellow ; 
have a peculiar odour ; a taste at first cooling, and then sharp 
and sulphurous; are extremely soluble in water, though not 
deliquescent; in a less degree in ether; and not at all in 
naphtha. ‘The watery solution becomes milky when exposed 
to the air, and soon manifests an excess of alkali. Sulphuric 
or muriatic acid, diluted with four or five parts of water, and 
added in due quantity to the watery solution, occasion no 
effervescence, but cause the separation of an oily looking fluid 
heavier than water. This is the hydroxanthic acid. 

Solution of baryta in water or in acids, muriate of lime, 
and sulphates of magnesia or alumina, do not affect the hy- 
droxanthate of potassa; but several metallic salts occasion 
precipitates, which are compounds not of the metallic oxides 
with the new acids, but of the metals with xanthogen. Hence 
M. Zeise proposes to call them xanthures ; but it is more con- 
sistent with the nomenclature followed in this work to term 
them «xanthides, analogous to chlorides, cyanides, &c. Several 
of the xanthides are desevibed by their discoverers. 

The hydroxanthate of potassa is decomposed when distilled 
per se, and yields an oily fluid, with a gas which has the smell 
of onions, but in which nothing could be discovered but car- 
bonic acid and sulphureted hydrogen. Ata red heat, in the 
open air, it takes fire, and is consumed tranquilly with a 
bluish flame, but in the flame of a candle it burns actively, 
emitting bright sparks. 

Hydrbxanthates of soda and ammonia may be prepared 
with alcoholic solutions of those alkalis and bi-sulphuret of 
carbon; those of baryta and lime with hydroxanthic acid 
and their respective carbonates. The salt, with base of soda, 
is a little deliquescent. _ 

Hydroxanthic acid, separated by more powerful acids from 
its saline compounds, with some precautions which M. Zeise — 
has pointed out, is liquid at common temperatures, and even 
below them; it has the aspect of a transparent colourless oil ; 
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in specific gravity it exceeds water; and it is not miscible 
with that fluid. Exposed to the air, it soon becomes covered 
with a white opake crust. Its smell is powerful and peculiar, 
It has a taste at first acid, then astringent and bitter; litmus 
paper is completely reddened by it, but a part of the paper 
soon changes to a yellowish white. It is inflammable, and 
burns with a smell of sulphurous acid. A temperature below 
212° decomposes it into bi-sulphuret of carbon and a com~ 
bustible gas. When much divided by agitation with water, 
it is decomposed in a short time, giving out bubbles of gass 
It expels carbonic acid from alkaline carbonates. The oxides 
of common metals (copper, lead, mercury, &c.) decompose it 
by giving up their oxygen to the hydrogen of the acid, and the 
xanthogene unites with the metal, forming wxanthides. 

The presence of hydrogen in hydroxanthic acid was esta- 
blished by the results of acting upon it with iodine, which oc- 
casioned a distinct production of hydriodic acid, a compound 
of iodine and hydrogen. (Annales de Chim. et de Phys. xxi. 
160, and Ann. of Phil. N.S. iv. 241.) 

wf 
Pyro-citric Acid. 

M. Lassaigne has given this name to an acid, produced by 
the destructive distillation of citric acid. When citric acid 
is heated in a retort, it first fuses, and then parts with nearly 
the whole of its water of crystallization. The liquid products 
are of two different kinds; the one, of an amber colour and 
oily consistence, occupies the bottom of the vessel; the other 
colourless and liquid like water, and floating over the former, 
has a decidedly sour taste. It is found, however, on examin- 
ing the oily fluid that, along with its bituminous taste, it has 
a strongly acid one; and on agitating it with water, and then 
allowing the mixture to stand, the water when decanted is 
rendered acid. The oily fluid, left to itself, soon becomes 
acid again, and deposits white crystals which are also strongly 
acid. When again agitated with water, only a small portion 
re-assumes the oly form ; or, if Kept i 3 water, it is soon 
acidified. 

The colourless liquid and the oily fluid both contain an 
acid, which has properties differing essentially from those 
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both of the citric and the acetic. It may be obtained pure, 
by first saturating it with lime, and then disengaging it by 
oxalic acid; or by decomposing the calcareous salt with ace- 
tate of lead, and treating the precipitate with sulphureted 
hydrogen. Its properties are the following: 

It is white, inodorous, sour to the taste, and a little bitter ; 
difficult to obtain in distinct crystals, but presenting itself 
under a white mass formed by the interlacement of numerous 
fine needles. It is extremely soluble in alcohol and in water, 
the latter of which, at 50° Fahrenheit, takes up one third its 
weight. It forms salts differing decidedly from those which 
result from the union of citric acid with the same bases. Its 
combination with potassa crystallizes in small needles, which 
are soluble in four parts of water. With lime, it yields a 
salt, in needles which are disposed opposite to and at angles 
with each other, like the leaves of fern. These crystals 
require 25 parts of water at 50° for solution. ‘The pyro- 
citrate of lime consists of 34 acid, and 66 base, excluding the 
watcr, which forms 30 per cent. of the crystals. One hundred 
parts of the acid are equivalent to neutralize , 


194.117 parts of lime 


127.272 baryta 
203. protoxide of lead. 


It is remarkable then that its capacity of saturation is 
exactly the same as that of citric acid; but the results of its 
ultimate analysis, effected by treating pyro-citrate of lead 
with oxide of copper, gives a perfectly different atomic consti- 
tution, viz. 

Cat cia + 00a See y ge bs she A ae 
OV OPIS i a Sit 50.0 2's ees aes OD 
EA VAUOR CR Wiss bry Sea nats Vg 6 40 


Once weneretae wan 


100. 


These results are not very remote from 
CATON .6s 08 aAtOMSs. oh. AO sane ea to 
ORF gen. w oes 5 -ditlO ...00 0 40 cmos ee Ghee 
Hydrogen «5 9-ditto 964.002 lenshee G08 


=e oS eee 


97 100. 
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Metallic Sulphurets. 


When metallic oxides, including under that name the fixed 
alkalis and earths, are heated with sulphur, it appears that 
part of the sulphur unites with the oxygen of the oxide, and 
the remainder with the metallic base. ‘The same combination 
is effected by igniting the sulphates in contact with charcoal, 
especially in a manner lately pointed out by Berthier, which 
avoids the uncertainty arising from an excess of charcoal. 
He places the sulphates in the centre of a crucible thickly 
lined with charcoal, and after covering them with charcoal, 
and luting on a cover, heats the whole in a furnace. In this 
way the sulphates are reduced, as it were, by cementation, 
the time required being proportionate to the temperature, the 
fusibility of the sulphurets, and the quantity of materials 
operated upon. In this way, not only are pure sulphurets 
obtained, but the result may be collected without the smallest 
loss, its weight ascertained, and the weight of oxygen evolved 
accurately estimated. (Quart. Journ. xv.) 

The sulphates of baryta, strontia, and lime, sustain a loss 
exactly equivalent to the oxygen contained in the acid and 
base. When the sulphurets thus formed are dissolved in 
muriatic acid, nothing is disengaged but pure sulphureted 
hydrogen gas, no sulphur is liberated, nor is any acid con- 
taining sulphur and oxygen formed. The sulphurets then 
contain no oxygen, and the base is in the metallic state. 

The following Table exhibits the composition of some of 
the sulphurets as determined by Berthier. In the last column I 
have stated the theoretical composition, assuming the equiva- 
lents annexed to the metals to be correct. 


Equivalent of From experiment. From theory. 
Metal. Metal. Sulphur. Metal. Sulphur. 


Sulphuret of Barium... 70 .. 100 + 24.47 .. 100 + 22.85 
Strontium 44 .. 100 + 36.60 ,. 100 + 36.36 
eee Calcium... 20 ... 100 + 78:30 ...100°+ $0.00 
Potassium 40 .. 100 + 41.06 .. 100 + 40.00 
po Sodium... 24 .. 100 + 69.27 .. 100 + 66.66 
————e Yinc .... 33 .. 100 + 50.00 ...100 + 48.48 
——-~—— Manganese28 ., 100 + 56.32 .. 100 + 57.14 
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Equivalent Number for Nickel. 


M. Lassaigne has lately been induced by the consideration 
of the difficulty of purifying nickel from cobalt, to examine 
some of the compounds formed with nickel of known purity. 

There are two oxides of nickel; the protoxide, which is 
formed whenever nickel is dissolved in acids, and the deu- 
toxide, produced by the action of chlorine on the protoxide 
in the way pointed out by Thenard. The protoxide is of an 
ash grey colour, it dissolves in acids, and forms green solu- 
tions, from which alkalis throw down an apple green hydrate 
or hydroxide. This oxide, obtained by dissolving nickel in 
nitric acid, and gently calcining the product, consists of 


Nickel’,,.. 83.34 .2.... 100 .... 1 atom = 40 
Oxygen .., 16.66 .,,..;° 20 .... I ditto = 8 


ere —— 


~ 


100. 120 48 


The dentoxide of nickel is a brilliant black, and has many 
analogies with peroxide of manganese, like which it gives off 
oxygen at a red heat, and evolves chlorine from muriatic 
acid. It is constituted of 


Nickel .... 71.43 ...... 100 ..., 1 atom = 40 
Oxygen. 28.57 04055. 40...) 2 ‘ditto 


| 
= 
>. 


Garr ee 


100. 140 56 


The protochloride, obtained by evaporating to dryness a 
solution of nickel in muriatic acid, consists of 


Niekel .... 68:64 .ias.s 100 Ya\... 1 atom 40 
Chlorine. . 247686 cages 90 » doveecd-aibte 86 


CRE) 


100. 190 70 


The deutochloride, which sublimes, when the foregoing 


compound is heated, in light shining yellow crystals, is form- 
ed of 
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Nickel eee 85.72 @esease 100 eeoeted 1 atom 4.0 
Oxygen.7. 64.28 ..,5., 180 i.viss 2 ditte' 72 


eee an eee 


100. 280 112 
The sulphuret consists of 


Nickel .... 71.43 40% 39452100 cavace 1. atom 40 
Sulphur ee 28.57 ets Hea 40 eeoece 1 ditto 16 


een [meme 


100. 140 56 


All these numbers concur in fixing the equivalent of nickel 
_ at 40; but before finally adopting that number, it will be 
desirable that the experiments should be confirmed by careful 
repetition. 


Indigo. 


An interesting paper, containing * Experiments and Ob- 
servations on Indigo, and on certain substances which are 
produced from it by means of Sulphuric Acid,” by Mr. Wal- 
ter Crum of Glasgow, appeared in the Annals of Philosophy, 
N.S. v. 81. Of this paper I shall give only a brief notice, 
referring to the memoir itself those who are concerned in the 
practical use of indigo. 

To obtain indigo of sufficient purity for experiment, the 
yellow solution of de-oxidized indigo by lime, which forms 
the dyer’s blue vat, may be agitated in contact with air, which 
will revive the indigo, and precipitate it purified to a certain 
degree. ‘The precipitate may be digested in dilute muriatic 
acid, which will remove a little iron and carbonate of lime. It 
is then to be washed with distilled water, and dried. 

Indigo may be purified more completely by sublimation. 
About ten grains of purified indigo, in lumps of about 1 grain, 
may be placed in a shallow metallic capsule of about 3 inches 
diameter, covered with a similar capsule, the concave sides 
of both being placed inwards, and at a distance not exceed- 
ing three eighths of an inch in the middle. Mr. Crum used 
two platinum crucible covers, but similarly shaped vessels of 
other metals would probably answer equally well. The lower 
capsule is to be heated by a spirit lamp; and when a hissing 
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noise, which at first attends the process, has nearly ceased, the 
Jamp is to be withdrawn, and the apparatus allowed to cool. 
On removing the cover, the sublimed indigo is found planted 
on its inner surface, forming long flat needles in quantity equal 
to 18 or 20 per cent. of the original weight, and of a brilliant 
and intense copper colour. The colour, however, varies with 
the circumstances under which the crystals are observed. The 


specific gravity of the sublimate is 1.3. 
Sublimed indigo is fusible and volatile at a heat of about 


550° Fahrenheit, leaving no residue when heated in open ves- 
sels. Its vapour is transparent and of a beautiful violet colour, 
differing from that of iodine by a shade of red, The melting 
point of indigo, that at which it sublimes, and that at which it 
is decomposed, appear to be remarkably near each other. 
Boiling oil of turpentine dissolves enough of purified indigo 
to acquire the same fine violet colour as its vapour, but de- 
posits it again on cooling. 
By the ignition of enbbiond indigo with peroxide of copper 

in green glass tubes, its analysis gave 


CALDO s. as os vy nas loos 
1 EL) RE «6 
ee 12.60 
Faydrogen : 1.0 :0vaus 3292 


100.00 
These numbers correspond very nearly to 


Carbon .... 16 atoms = 96 .... OF ..+. 73.84 
BOG oes cas LONG se Ie ae keen LO 
Oxygen.... 2 ditto 16 v0 sesvevsses 1201 


Hydrovpr.. | Gmg0 = Aa oss be anee | OMe 
Equivalent number..... 130 100. 


Mr. Crum objects properly to the application of the term 
indigogene, applied by Brugnatelli to sublimed indigo, and 
denies the power, which has been ascribed to the sublimate, 
of amalgamating with mercury. 

When indigo is acted upon by strong sulphuric acid, it is 
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not merely dissolved, but if heat be applied is, in less than 
24 hours, changed into a new substance. No sulphurous acid 
is evolved, nor is there any absorption of oxygen from the 
air, or any separation of carbon. | From the solution, diluted 
with water, potassa and its sulphate throw down a deep blue 
precipitate, which is soluble in water, and capable of passing 
through a filter, but is not soluble in saturated solutions of 
salts with base of potassa. The precipitate was purified, 
therefore, by washing, first with a solution of acetate of po- 
tassa, and then with alcohol. ‘The edulcorated precipitate 
has when wet a colour of so deep a blue as to appear black ; 
when dry it is copper red. It attracts water rapidly from the 
air; is soluble to a considerable extent in boiling water; but 
requires 140 parts of cold water for solution. Water con- 
taining only +5 ;!>555th of its weight of the precipitate is still 
distinctly blue. ‘The cold solution, diluted with 20 parts of 
water, is precipitated by salts of potassa, soda, lime, baryta, 
strontia, lead, and mercury, and the precipitates are not re- 
dissolved by acids. <A variety of other salts that were tried 
were found not to produce the same effect. 

From the analysis of this precipitate, Mr. Crum considers 
it to be a compound of sulphate of potassa with a peculiar 
substance, to which he gives the name of Cerudlin, and to the 
precipitate that of Ceruleo-sulphate of Potassa. In its pro- 
perty of forming insoluble compounds with neutral. salts, 
cerulin is analogous to tan, which, according to Sir H. Davy, 
has similar effects on several of the salts of potassa. From 
its ultimate analysis, cerulin appeared .to consist of 1 atom of 
indigo + 4 atoms of water. 

If the action of the sulphuric acid on indigo be suspended 
before it has gone far enough to produce cerulin, which, at the 
ordinary heat of summer, may be three hours, at 100 Faht., 
twenty minutes, a new substance altogether different from 
cerulin is produced, possessing rather singular properties. 
One part of purified indigo may be agitated with ten of sul- 
phuric acid in a stoppered vial, till it assumes a bottle-green 
colour, then poured into a large quantity of distilled water, 
agitated, and thrown on a filter. On continuing to wash the 
substance on the filter, with more water, the first washings 
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are colourless, and must be thrown away; but afterwards a 
blue liquid passes through, which contains the new substance. 
Muriate of potassa precipitates it of a beautiful reddish purple 
colour, exactly similar to that of the vapour of indigo. ‘The 
precipitate is to be thrown on a filter, and washed with dis- 
tilled water, till the liquid which passes through forms a red 
precipitate with nitrate of silver. From the property, possessed 
by this substance, of becoming purple coloured on the addition 
of certain salts, Mr. Crum terms it phenecin. 

Phenecin is soluble both in. water and alcohol, and the so- 
lution in both cases is blue. All saline substances without 
exception precipitate it again of its original colour, but 
some require to be added in much larger proportion than 
others. Acids do not prevent its precipitation. It dissolves 
in liquid ammonia, but fixed alkalis destroy it, though not 
very easily. Sulphuric acid dissolves it, and in due time con- 
verts it wholly into cerulin. 

From its ultimate analysis, Mr. Crum is disposed to consider 
phenecin as constituted of 1 indigo + 2 water. It would be 
remarkable, however, if the continued action of sulphuric acid 
should be found to add two atoms of water, which must be 
the case if the constitution of this substance and of cerulin be 
correctly assigned, the latter being 1 indigo + 4 water. This 
is contrary to the usual agency of sulphuric acid, which, when 
it acts on vegetable substances, generally abstracts the water 
which they already contain. 
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A. 


Acetate of alumina, ii. 350 
ammonia, ii. 349 
baryta, ii, 349 
copper, ii. 97 
iron, ii. 30 
lead, ii. 108, 504 
lime, ii. 349 
magnesia, ii. 349 
potassa, ii. 248 
silver, i ii, 351, 502 
soda; ii, 348 
strontia, li. 350 
tin, ii. 41 
zinc, ii. 15 
Acetic acid, ii. 341 
modes of obtaining, ti, 342 
analysis of, ii. 346 
specific gravity no test of 
its strength, 1i. 345 
properties of, ii. 345 
mode of ascertaining the 
~ purity of, ii, 577 
ether, ii, 332 
Acetometer, ii, 347 
Acetous acid, ii. 341 
obtained from wood, il, 
255 
mode. of ascertaining the 
oes of, ii. 578 
Acidity, theory of, i. 210; eyeen 
not essential to, i. 211 
Acid, muriatic, formation of, i, 264 
Acids, general properties of, i. 211 
most contain oxygen, i, 211 
but some produced by hydro- 
gen, i. 221, 230 
and by chlorine, i. 230 
terminology of, i. 277 
supporters of combustion, i. 
A466 
water an essential element of, 
i. 376 
Jaw respecting their saturation 
by bases, i. 471 
metals oxidized by, i. 466 
native vegetable enumerated, 
ii. 194 
specific gravity not always a 
test of the strength of, i. 376; 
fi, 345 


Acids, found in animal substances, ii, 
385 


tests of, ii. 493 

acetic, ii, 341 

-acetous, ti. 341 

amniotic, ii. 390 

antimonic, ii, 70 

antimonious, ii. 70 

arsenic, ii, 49 

arsenous, ii, 47 

benzoic, li, 218 

boletic, ii, 223 

boracic, i, 355 

camphoric, ii. 233 

carbonic, i. 335 

carbosulphuric, ii, 665 

caseic, ii, 423 

cetic, ii, 381 

chloric, i. 219 

chloriodic, i. 226 

chloro-cyanic, i. 444 

chloro-carbonic, ii..664 

chromic, ii. 58 

citric, ii. 194 

columbic, ii. 63 

ellagic, ii. 225 

erythric, ii. 389 

ferro-cyanic, i, 447 

ferro—prussic, i, 447 

ferrureted ehyazic, i. 448; ii. 
27 

fluoboric, i. 357 

fluoric, subsilicated, i, 619 

formic, ii. 393 

gallic, ii. 200 

hydriodic, i. 277 

hydro-chloric, See Muriatic, 

hydro-cyanic, i. 441; ii. 393 

hydro-fiuoric, i, 279 

hydro-nitric, i, 32k 

hydro-phosphorous, i. 365 

hydro-sulphurous, i. 433 

hydro-thionic, i, 432 

hydro-xanthic, ii. 665 

hypo-nitrous, i. 313 

hypo-phosphorous, i. 

hypo-sulphuric, i, 388 

hypo-sul phurous, i. 388 

isaguric, ii, 229 

indic, i "295 

kinic, ii, 224 

laccic, ii. 222 
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Acids, lactic, ii. 391, 424 


lampic, ii, 338 

lithic, ii, 385 

malic, ii. 205 

margaritic, ii, 384 

meconic, li. 225 

mellitic, ii. 300 

molybdic, ii. 55 

molybdous, ii, 56 

moroxylic, ii. 222 

mucic, ii, 391 

muriatic, i, 264 

nitric, i. 316 

nitro-muriatic, i. 324 

nitro-sulphuric, ii, 127 - 

nitrous, 1, 314 

oleic, ii. 384 

oxalic, ii, 186, 221 

oxyiodic, i. 225 

oxymuriatic, See Chlorine. 

per-chloric, i, 221 

per-nitrous, i, 313 

per-suJphurous, i. 388 

per-phosphorous, i. 364 

phosphatic, i. 361 : 

phosphoric, i. 209, 361, 365; 
ii, 223 

phosphorous, i. 364 

prussic, i, 447; ii. 223 

purpuric, ii, 388 

pyro-citric, ii. 667 

pyroligneous, ii. 255, 342 

pyromalic, ii. 208 

pyromucous, ii, 177 

pyro-tartaric, ii. 217 

pyro-uric, ii. 387 

rheumic, ii, 224 

rosacic, ii. 390 

saccholactic, ii. 391 

sebacic, ii. 293 

selenic, i, 392 

silici-fluoric, 1, 619 

sorbic, See Acid, Malic. 

stibic, ii. TO 

stibious, ii, 70 

suberic, ii. 280 

succinic, ii, 238, 495 

sulphuric, i. 374 

sulphurous, i, 383 

sulphureted chyazic, i. 446 

sulpho-cyanic, i, 446 

tartaric, ii, 209 

telluric, ii, 101 

tungstic, ii. 62 

uric, ii. 385 

zoonic, ii. 393 

zumic, ii. 224 


A finity,chemical. See Chemical A ffinity. 
of aggregation, 1. 29 
elective, i. 53 
-resulting, i. 62 
elementary, i. 62 
disposing, i, 62 
complex, i, 64, 63 
double elective, 68 
quiescent, i. 70 
divellent, i, 70 
simple, table of, ii. 646 
Agriculture, application of chemistry 
to, i, Xxt 
Air, expansion of, by heat, table of, 
ii. 621 
compression of, produces fire, 
i, 137 
quantity of water in a cubic 
foot of, i. 254 
Aix la Chapelle water, ii, 652 
Albumen, properties of, ii. 359 
tests of, ii. 360 
not chemically altered by 
heat,.ii. 360 
cause of the coagulation of, 
ii. 363 
galvanism, a test of, ii. 364 
Alcohol, quantity from malted and 
unmalted grain, ii. 243 
theory of conversion of. su- 
gar into, ii. 326 
table of force of its vapour, 
ii. 620 : 
effect of heating in glass 
tubes under pressure, ii. 
663 
preparation of, ii. 310, 314 
not generated by distilJation, 
ii. 310 
quantity of, contained in dif- 
ferent liquors, ii. 313 
properties of, ii, 315 
mixture of water with, ii, 318 
combustion of, ii. 319 
expansion of, ii. 319 
substances soluble in, ii, 321 
solubility of salts in, ii, 321, 
517 
table of, ii, 631 
analysis of, ii. 322 
composition of, ii. 325 
action of acids on, ii. 327 
use of, as a test, ii. 513 
mode of ascertaining its pu- 
tity, ii. 593 
and water, table of specific 
gravity of different mix- 


Action, chemical phenomena accom- 
panying, i. 42 

Adipocire, ii. 381, 418 

Adopter, i. T ‘ 

Aerifurm bodies. See Gases. 


tures of, ii. 317 

solubility of substances in, 
ii. 321, 631 

substances insoluble in, ii. 
631 


’ 
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Alcohol, of sulphur, i, 451 Ammonia, sub-carbonate of, i. 408 
sulphurized, i. 372 mode of 
Alembic, i, 6 preparing, i, 408 
Algaroth, powder of, ii. 70 mode of 
Alkali, silicated, i. 618 ascertaining its pu- 


new vegetable, ii. 278 
volatile. See Ammonia. 
Alkalis, properties of, i, 494 
analysis of the fixed, i. 497 
action of, on metals, i, 475 
native vegetable, ii. 278 
use of, as tests, ii. 499 
tests of, ii, 512 
Alloys, i, A90 
apt to separate when in fusion, 
i. A990 
terminology of, ii. 490 
their ingredients exist in defi- 
nite proportions, i. 491 
qualities of tc metals altered 
in, i. A491 
Alum, i. 606 
component parts of, i. 607 
mode of ascertaining the purity 
of, ii, 385 
Alumina, attempt to decompose, i. 
602 
method of obtaining, i, 603 
its properties, i. 603 
hydrate of, i. 603 
equivalent, i. 605 
carbonate of, i. 316 
sulphate of, i. 608 
tests of, ti. 514 
means of ascertaining the 
purity of, ii. 585 ‘ 
sulphite of, i. 610 
nitrate of, i. 606 
muriate of, 1, 606 
acetate of, ii. 350 
tests of salts of, ii, 509 
Aluminum, i, 602 
Amadou, i, 137 
Amalgams, i. 490. 
Amber, ii. 237 
acid of. See Suceinic Acid. 
Ambergris, ii. S17 
Ambreine, it. 317 
Ammonia, preparation and qualities 
of, 84399 . 
specific gravity of, i. 396 
may be inflamed when 
mixed with oxygen, i. 
AO} 
action of chlorine on, i. 
402 
analysis of, i. 399 
rapidly and largely ab- 
sorbed by water, i. 397 
quantities in solutions of 
different densities, i. 398 
salts with base of, 405 


See Mercury. 


rity, and that of its 
solution, ii, 581 
bi-carbonate of, i. 408 
its use as 
a test, ii. 499 
sesqui-carbonate of, i, 408 
sulphate of, i. 410 
hydrochlorate of, See Mu- 
riate. 
sulphite of, i, 410 
hydrosulphuret of, i, 433 
its use 
as a test, ii. 573, 562 
hydrogureted sulphuret of, 
i. 436 
nitrate of, i, 407 
muriate of, i. 405 
mode of ascer- 
taining ite purity, ii. 
ne 8 purity, 
chlorate of, i. AO4 
solution of copper in, ii. 
93 
oxalate of, ii, 190 
important as a 
test of lime, ii. 498 
citrate of, ii, 199 
acetate of, ii. 349 
fluate of, as a test, ii. 498 
phosphate of, ii, 410 
succinate of, as a test, ii. 
509 . 
tests of, ii, 469 
solution of, method of as- 
certaining its purity, ii. 
pot 5 purity, 
Ammoniace-magnesian sulphate, i, 598 
phosphate, i, 596 
Ammoniurets, i, 475 
Amnios, liquor of the, ii, 432 
Amniotic acid, ii. 390 
Amyline, ii, 245 
Analysis, term defined, i, 41 
proximate and. ultimate, i, 
Al 
ultimate of organic sub- 
stances, ii, 162 
apparatus for, ii, 166 
of earths and stones, ii. 529 
inflammable fossils, ii. 549 
of gases, ii. A67 
lime, ii, 553 
marls, ii. 598 
minerals in general, ii, 525 
mineral waters, ii, 487 
ores, ii, 551 
salts, ti. 527 
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Anhydrous, term defined, i. 224, n. 
Animal jelly. See Gelatine. 


oil, ii. 379 
substances, ti, 352 2 
method of — stainin 
black, ii. roy 
analysis of, ii, 353: 
proximate, ii. 354 
more complex, ii} 396 
Antimoniates, ii, T0 
Antimonic acid, ii. 70 
Antimonious acid, ii. TO 
Antimonites, ii. 70 
Antimony, ii. 66 . 
mode of obtaining pure, 
ii, 67 
= oxides of, ii, 67 
acidifiable, ii. 70 
ignited, detonates with the 
vapour of water, ii. 66 
chloride, ii, TO 
salts of, ii, 71 
phosphate, 71 
golden sulphur of, ti. 73 
sulphuret of, ii, 72 
glass of, ii. 72 
mode ofascertaining 
its purity, ii. 586 
hydro-sulphureted oxide 
of, 11. 73 
action of acids on, ii. Tl 
alloys of, ii. 73 
analysis of ores of, il. 555 
tartarized, mode of ascer- 
taining its-purity, ii, 587 
Ants, acid obtained from, ii. 393 
Apparatus, chemical, 1, 2 
Woulfe’s, i. 7 
Cuthbertson’s i. 246 
Aqua fortis, specific gravity of, i, 319 
mode of ascertaining the 
purity of, ii. 576 
‘See Nitric Acid. 
regia, i. 324 
Arbor Diane, i. 491; ii. 125 
Archil, ii. 262 : 
Argentine flowers of antimony, ii, 67 
Arrow root, ii. 248 
Arséniates, ii. 51 
Arsenic, mode of obtaining, ii. 46 
properties of, ii, 46 
tinges copper white, ii. 46 
properties of white oxide of, 
ii. 47 
chloride, ii, 51 
sulphurets of, ii. 53 
analysis of ores of, 11, 555 
method of discovering, ii. 562 
compound of hydrogen with, 
ii. 52 
acid, mode of obtaining, ii, 49 
properties of, ii, 49 
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Arsenites, ii. A8 
Arsenous acid, ii. AT 
Arsenureted hydrogen gas, ii, 52 
Arts, application of chemistry to, i. 
Xxiv 
Asparagin, ii. 301 
Asphaltum, ii. 295 
Almospheric air, i, 283 
weight of, i, 293 
composition of, i, 294 
Dalton's theory of, 
295 
contains carbonic 
acid, i, 344 
Atomic theory, i. 44 
. objections to it, i. 50 
references to essays 
on, i. 51, n, 
Atoms, i. 28 
simple, i. 28 
compound, i. 28, 45 
component, i. 28 
elementary, i. 28, 45 
organic, i, 46 
figure of, i, 45 
ultimate of bodies, weight of, 
i. 44, 47; ii. 635 
Atropia, it, 285 
Attraction, i. 28 
Aurum musivum, ti. 42 
Asotic Gas, See Nitrogen. 


B. 


Balances, i, 12 
Baldwin's phosphorus, i, 562 
Balloons, i. 242 
Balsams, ii, 237 
Barilla, See Soda, Carbonate of. 
Barium, 1, 571 
peroxide, use of in oxyge- 
nating water, i. 263 
peroxide, i, 574 
chloride, i. 574 
Barks, table of quantity of tan in dif- 
ferent sorts, ii, 267 
Barometer, rules for reducing gases to 
a mean heat of, i. 23 
Baryta, hydrate of, i. 572 
hydriodate, i. 576 
hyposulphite, i. 581 
’ ferrocyanate, i. 584 
analysis of, 1. 572 
properties of, i. 572 
: carbonate of, i. 578 
® mode of disco- 
vering, ii, 571 
sulphate of, i. 581 | 
method of procuring pure, 
i, 591 
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Baryta, phosphate of, i. 580 
~ sulphite of, i, 581 
nitrate of, i. 577 
muriate of, as a test, ii, 505 
chlorate of, i, 576 
oxalate and superoxalate of, 
ii. 191 
citrate of, ii. 199 
acetate of, ii, 349 
its use as a test, 
ii. 505 
use of, as a test, ii, 501 
test of, ii, 497 
Base, of acid, what, i. 472 
Basis, in dyeing, what, ii. 258 
Bath water, ii. 653 : 
Baumé’s hydrometer, degrees of, re- 


duced to the common standard, ii, 
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Beli-metal, ii. 42, 99 
Benzoates, use of as a-test, ii. 510 
Benzoic acid, ii. 218 
use of as a test, ii, 510 
mode of ascertaining the 
purity of, ii. 579 
Bi- carbonate of potassa, i, 524 
soda, i. 543 
ammonia, i, 408 
Bi-carbureted hydrogen. See Olefiant 
Gas. 
Bi-phosphureted hydrogen gas, i, 426 
Bi-sulphate of potassa, i. 530. 
Bi-tartrate of potassa, ii, 213 
Bile, resin of, ii, 412 
of the ox, ii. 413 
peculiar matter in, ii, 413 
yellow matter of, ii, 414 
component parts of, ii. 415 
of other animals, ii, 413 
human, ii, 416 
Bile, calculi of, ii. 417 
Binoxalate of potassa, ii. 189 
Bismuth, properties of, ii. 84 
oxide of, ii. 85 
chloride of, ii, 85 
salts of, ii. 85 
action of acids on, ii. S6 
sulphuret of, ii. 87 
alloys of, ii. 87 
its fumes destroy the ducti- 
lity of gold, ii. 87 
analysis of ores of, ii. 555 
Bi-sulphureted hy drogen, i. 435 
Bitter principle, ii, 276 
artificially formed, 
ii. 463 
Bitumen, elastic, ii. 295 
Bitumens, ii, 280 
Black dye, for animal substances, ii. 
124 
vegetable substances, 
: ji. 263 


Black’s furnace, i, 3 
Black-lead, ii. 34 
Bleaching, i. 2153 ti, 257 
Blende, ii. 15 
phosphorescent, ii, 15 
Blood absorbs oxygen, i, 212 
appearances of, ii. 396 
coagulation of, ii, 397 
serum of, ii. 397 
serosity of, ii. 398 
crassamentum of, ii, 400 
fibrin of, ii, 400 
red globules of, ii. 400 
its colour not owing to iron, ii. 
AO] 
its colouring matter may be em- 
ployed as a dye, ii. 402 
action of gases on, ii, 404 
effects of respiration on, ii, 405 
acts on the air through the skin, 
ii, 408 
its uses in the animal economy, 
ii. 408 
Blow-pipe, use of in examining mine- 
rals, ii, 558 
table showing the charac- 
ters of various bodies be- 
fore, ii, 655 
Blow-pipes, i. 13 


with oxygenand hydrogen, 


i. 240; 638 
Blue, prussian, ii, 26 
nature of, ii. 27 
Boa constrictor, excrement of the, ii. 
385 
Boiling point, i. 116 
of mercury, i. 101 
varied by pressure, i. 
118 
of different substances, 
ii. 615 
Boletic acid, ii. 223 
Bolognian phosphorus, i. 584 
Bones, ii. 454 
human, ii, 455 
distillation of, ii, 455 
analysis of, ii, 455 
Boracic acid, mode of obtaining, i, 355 
properties of, i, 355 
compound of  fluoric 
with, i. 357 
test of, ii. 504 
mode of ascertaining the 
purity of, ii, 578 
Borate of soda, i. 544 
mode of ascertaining 
the purity of, ii, 586 
Borax, i, 544 
Boron, i. 354 
Brain, analysis of the, ii. 463 
Brass, ii. 16 
Brazil wood, as a dye, ii, 262 
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Brazil wood, infusion of, as a test, ii, 
ADL : 
Brighton water, ii. 654 
Bristol water, ii, 653 
Bronze, ii. 42 
Brooke's blow-pipe, i, 13 
Broth, ii, 459 
Brucia, ii, 283 
Butter, ii, 420 
of antimony, ii. 70 
bismuth, ii, 85 
zine, ii. 12 
Buxton water, ii, 653 


C. 


Cabbage, red, acid tincture of, as a 
test, ii. 494 
Cadmium, ii. 43 
Cajeput oil, ii. 254 
Calamine, ii, 15 
Calcium, i. 552 
peroxide of, i. 556 
chloride of, i. 557 
iodide of, i. 558 
fluoride of, i. 565 
Calculi, urinary, ii. 445 
varieties of, ii, 446 
of brutes, ii, 453 
biliary, ii. 417 
Calico-printing, ii. 258 
Calomel, ii. 113 
mode of ascertaining its pu- 
rity, ii. 588 
Caloric, general observations on, i. 79 
repulsive, i. 80 
expands bodies, i. 82, 89 
tends to an equilibrium, i. 82 
moves immeasurably quick in 
all directions, i. 83 
conducting power of bodies 
for, i. 85 
effects in which it loses its dis- 
tinguishing properties, i. 86 
absorbed in liquefaction, i. 


giving out by increasing the 
density of bodies, i. 86 

whether chemically combined 
when latent, i. 87 

capacity for, i. 87 

absolute quantity of, i. 88 

reilection of, i. 101, 459 — 

refraction of, i, 103 

absorption of, 104 

conductors of, 105 

the cause of liquidity, i. 110 

given out by liquids on be. 
coming solid, i. 114 

evolved during the separation 
of a salt from its solution, 
4,115 


INDEX. 


Calorie, the cause of vapour, i. 116 
its particles repulsive, i. 120 
absorbed in evaporation, I. 
125 

evolved during the condensa- 
tion of vapour, i. 128 

the whole quantity in a body 
cannot be measured, i. 129 

chemically combined in gases, 
i136 

evolved from gases by me- 
chanical pressure, i, 137 

probably identical with light, 
i. 157 

generally absorbed during so- 
lution, i. 259 

charcoal, a very slow con- 
ductor of, i. 332 

table of effects of, ii. 614 © 

expansion of air by, ii. 621 

liquids by, ii. 


622 

water by, il. 
622 
solids by, ii. 
624 


specific, tables of, i. 150, 151 
Sree, effects uf, i. 89 
latent, i. 86, 129 
apparatus for showing 
the most important 
facts respecting, i. 
129 
of fluidity, i, 110 
radiant, i. 84 
specific, i. 146 
Calorimeter, i. 111 
Camphor, ii, 232 
acidification of, ii. 233 
artificial substances resem- 
bling, ii, 233 
Cannel coal, ii. 297 
Canton’s phosphorus, i, 160 
Cacutchouc, ii, 253 
preparation of ether for 
dissolving, ii. 333 
soluble in cajeput oil, ii. 
254 
analysis, ii. 254 
mineral, ii. 295 
Capacity for caloric, i. 87 
Carbon, i. 328 
combustion of, i. 333 
vapour of, its density, i. 337 
compounds with chlorine, i, 
548 
hydrogen, i. 
11 


‘ hydro-chloride of, i. 417 
hydro-iodide of, i. 417 
sulphuret of, new acid formed 

from, ii, 665 


Carbon, gaseous oxide of, i, 345 
combination of 
with, i, 41] 


hydrogen 
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Carmine, how made, ii, 264 


Cartilage, ii. A458 


Caseic acid, ii, 423 


compounds of chlorine with, 


i. 348 
sulphuret of, i, 451 
phosphuret of, i. 360 
Carlonate of ammonia, i. 408 
baryta, i. 578 
copper, ii. 95 
glucina, i. 600 
iron, ii. 25 
lead, ii. 108 
lime, i. 562 
magnesia, i. 593 
potassa, i. 521 
soda, i. 541 
strontia, i. 588 
yttria, i, GOL 
Carbonic acid, i. 335 
composition of, i, 
337 


method of procuring, i. 


338 


oxide, ii, 423 


Cassius, purple powder of ii, 136 
Castor, ti. 317 

Catechu, ii. 174 

Cathartine, ii, 308 

Caustic, lunar, ii. 125 

Cawk, i. 583 © 

Cerasin, ii. 177 

Cerin, ii, 275 

Cerium, ii. TS 


how a. 716 
action of acids of, ii, 76 
analysis of ores of, ii, 558 


Cerulin, ii, 613 
Cerumen, ii. 376 


Ceruse. 


See White Lead 


Cetic acid, ii. 381 
335, Chain of cups, galvanic, i. 168 
Chalk, i, 562 


Chameleon mineral, ii. 9 


Charcoal, 1. 325 


Carbonic oxide, i. 345 


Carlsbad water, ii. 651 


analysis of, 337, 338 
properties of, 1. 339 
generated in several 
cases of combustion, 
i. 342 
tests of, ii. 500, 501 
gas, quantity of, ab- 
sorbed by wa- 
ter, i, 341 
weight of, i. 340 
its effects on vege- 
tation, i. 345 
oxide, quantity of, absorbed 
by water, i, 253 
its combination with 
chlorine, ii. 664 


method of procuring, 
i. 345 
properties of, i. 346 


Carbo-sulphurets, i, ASL 
Carburets, i. 490 


of iron, ii. 32 
of nitrogen, i. 439 


Carbureted hydrogen, quantity of, ab- 


sorbed by wa- 
ter,,1. 253 
several varieties 
of, i. All 
na methods of pro- 
* curing, i. 412 
combustion of, 
i413 
specific gravity 
of, i, 413 
action of chlorine 
on, i, 414 


“how obtained, i, 329 
quantities afforded by differs 
ent kinds of wood, i, 329 

its properties, i, 330 

imbibition of gases by, i. 331 

resists putrefaction, i, 332 

aslow conductor of caloric, 
i. 332 

fusible by galvanic electri. 
city, ii. 663 

why it makes the best iron, 
ii, 33 

how prepared for making 
gunpowder, ii, 256 

See Carbon. 


Cheese, ii. AQL 
Cheltenham waters, ii. 652, 654 — 
Chemical laboratory, i. 1 


elements, new system of, 


apparatus, 1.2 
affinity, i. 28, 39 
how exerted, i. 39 
causes that modify — 
its action, i. 56 
if not modified, 
would unite bo- 
dies in all propore 
tions, i. 61 
unites atoms in sim- 
ple proportions 
only, i. 45 
estimation of its 
forces, i. 65 
experimental illus. 
trations of, i, 73 
its general effects, i. 
39 
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Chemical afiinity of compounds the re- 


sult of the affini- © 


ties of their ele- 
ments, i. 62 
will take effect with- 
out solution, i. 
1 


does not take place 
at a perceptible 
distance, i, 75 
equivalents, table of, 
635 
Chemistry, distinguished from natural 
philosophy, i. xi 
defined, i. xii 
utility of its study as a sci- 
ence, h, Xili 
economical, i, xxv ss 
_ modes of teaching, i, xxviii 
classification of the objects 
of, i, xxviii 
new doctrines and nomen-_ 
clature of, i, xxx 
Cieeee of ammonia, i. 404 
baryta, i. 576 
lime, i. 561 
potassa, i. 513 
soda, i. 540 
strontia, i, 587 
Chloric ether, i. 417; ii. 330 
acid, i, 219 
how procured, i. 220 
properties of, i, 220 
Chloride of nitrogen, i. 325 
carbon, i. 348 
phosphorus, t. 
sulphur, i. 391 
sodium, i, 537 
Chlorides, i. 481 
-of metals, table of, i. 483 
of silver, ii, 121 
effects of light on, i, 156 
lead, ii. 105 
lime, i, 52 
Chlorine, i. 212 
protoxide of, i. 217 
peroxide of, i. 218 
hydrate of, ii. 661 
theories of, i. 274 
and hydrogen gases, effects of 
different coloured light on, 
1, 159 
pure, condensed intoa liquid, 
ii. 
combined with oxygen, i. 217, 
222 


see 
Il. 


“is 


369 


nitrogen,i, 325 
hydrogen, i, 264 
action on ammonia, 402 
metals and their 
oxides, i, 481 
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Chlorine, per-oxide of, i, 218 
carbon and its compounds, 
i. 348 
sulphur and its compounds, 
i, 390 
tin, ii. 38 
phosphorus, i. 369 
action of iodine on, i, 226 
its action on gold, ii. 130 
copper, ii, 90 
Chlorine gas, i. 213 
how formed, i. 213 
its properties, i, 214 
condensible into a liquid, 
ii, 662 
absorbable by water, i. 
216 = 


— Chleriodes, i, 226 
Chloriodates, i. 226 
Chloriodic acid, i, 226 
Chlorophane, i. 161 
Chloruret of iodine, 1, 226 
Chlorures or Chlorurets, i. 481 
See Chlorides. 
Cholesterine, ii. 418 
Chromium, ii. 57 
analysis of ores of, ii, 557 
Chromate of lead, ii. 60 
of potassa, ii, 59 
Chromic acid, ii. 58 
Chyazic acid, ferrureted, i, 448; ii. 27 
sulphureted, i, 446 
Cinchonia, ii. 287 
Chyle, ii. 426 
Cinnabar, ii. 119 
mode of ascertaining its pu- 
rity, ii, 589 
Citrates, alkaline, ii, 198 
earthy, ii, 199 
metallic, ii. 200 
Citric acid, process for obtaining, ii. 
194 


properties of, ii, 197 
analysis, ii. 198 
combinations of, ii. 199 
effects of heat on, ii. 
Clyssus of nitre, i. 520 
Coak, ii. 297 
Coal, quantity of, required for the 
evaporation of water, i. 127 
varieties of, ii, 295 
gas from, i. 418- 
analysis of, li. 297, 550 
Coal-mines, fire dam of, i, 422 
Coating for retorts, i. 9, 10 
Cobalt, method of obtaining, i i 18 
properties of, ii. 78 
oxides of, ii. 79 
chloride of ii, SO 
salts of, ii. 80 
alloys of, ii, 82 


INDEX. 


Cobalt, analysis of ores of, ii. 555 
Cocculus indicus, peculiar principle of, 

ii, 284 
Cochineal, ii. 262 
Coffee, ii. 276 
Cohesive aflinity, i. 28 

methods of overcom- 
ing, i. 30, 82 

Cohesion, (See Cohesive <Affinity,) 

29 


Cold, artificial methods of producing, 
i, 125 
produced by rarefaction of air, 
i. 137 
artificial methods of producing, 
tables of mixtures for, ii. 
625, 627 
Collar joint for uniting long or crooked 
tubes, i. 627 
Colouring matter, i), 25T 
Colours changed by chemical action, i. 
A2 
of metals changed by combina- 
tion of them, i. 492 
vegetable, destroyed by chlo- 
rine gas, i, 215 
destroyed by charcoal, i. 332 
substantive and adjective, 1 ite 
258 
Column, electric, i, 171 
Columbium, it. 63 
the same as tantalium, ii. 
64 
analysis of 
558 
Combination alters the properties of bo- 
dies, i. 39 
Combustibles, simple, i. 229. 
Combustion, limited meaning of the 
term, i. 2Qh, 210 
in oxygen gas, i. 207 5 
in atmospheric air, i. 
288 
consumes oxygen, 1, 208 
increases the weight of bo- 
dies, i. 21] 
supporters of, i, 229. 
spontaneous, ii. 230 
Compounds, their chemical action the 
result of the affinities of 
their parts, i. 62 
Conductors of caloric, i. 85, 105 
Congelation, artificial, i. 113, 125 
Cooling, rate of, varied by different 
circumstances, i. $4 
Copper, method of purifying, ii, 88 
properties of, ii, 88 
oxides of, ii. 88 
chlorides, ii. 90 
salts of, ii. OL 
bisul phate of, ii. 93 n 


ores of, ii. 
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Copper’, sub-sulphate of, ii. 94 
sulphite of, ii. 95 
sub-carbonate of, ii. 95 
nitrate of, ii, 92 
hy dro-oxide of, ii. 89 
sub-nitrate of, ii, 93 
per-muriate of, ii. 91 
pro-muriate of, ii. 91 
action of chlorine on, ii, 90 
acetate of, ii. 97 
sulphuret of, ii, 98 
phosphuret of, ii. 99 
combination of ammonia with, 
ii, 93 
alloys of, ii. 99 
ferro-cyanate of, ii, 98 
arsenite of, ii, 48 
analysis of ores of, ii. 552 
mode of detecting, ii. 573 
Cork and its acid, ii. 280 
Corrosive sublimate, ti. 113 é 
mode of discover 
ing, ii. 570 
method of ascer- 
taining its pu- 
rity, ii, 588 
Cetton-mills, probable cause of fires in, 
ii, 230 
Cream of milk, ii, 419 
of tartar, ii. 213 
mode of ascertaining 
its purity, ii, 584 
Crocus metallorum, ii. 72 
Crucibles, i. 4 
platinum, ti, 536, note 
Cryophorus, i, 134 
Crystallization, i, 32 
water of, i, 32 
Crystals, structure of, i, 33, 37 
Cupel, ii, 129 
Cupellation, ii. 129 
Cupelling furnace, i. 3 
Curd, ii, 421 
Cuticle, it. AGI 
oe i, 441 
Cyanogen, i. 439 
how obtained, i, 439 
its properties, i, 439 
Cyanures, i, 441 
Cystic oxide, ii, 451 


D. 


Daitcn, Mr. his new system of chemi- 
cal elements, i. 44 
Decanting jar, i, 1 
Decomposition, effected by galvanism, 
i. 176 
simple, i, 53 
Decrepitation, i. 5°8 
Deliquescence, i. 32 


rd 
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Delphia, ii, 283 
Deowxidizing rays of light, i. 158 
Detonating powders, i. 520, 5163 ii. 
117, 126, 134 
Deutochloride of mercury, ii. 113 
Deutoxides, ii. ATT 
Dew, theory of its deposition, i. 85 
point how ascertained, i, 257 
Diamond, pure carbon, i. 333 
combustion of the, i. 333 
Differential thermometer, i. 93 
Digestion, secretions subservient to, ii. 
A409 
Dilatation. See Expansion. 
Dippel’s oil, ii. 455 
Distillation, i, 6 
- leaden worms improper 


for, ii, 573, 578 a 


Dragon's blood, ii. 234 
Ductile metals, ii. 461 
Dutch gold, ii. 99 
Dyeing, art of, ii. 258 
colouring matter of blood may 
be employed in, ii. 402 


E. 


Earths, i. 494 
means of separating, ii. 529 
Ear-wax, ii, 376 
Ifjlorescence, i. 32 
its influence on chemical 
affinity, i. 59 
Egg-shells, ii. 426 
Egg, white of. See Albumen. 
Eggs, ii. 425 
Elain, ii, 383 
Elastic gum. See Caoutchouc, 
Elasticity, its effect on chemical afti- 
nity, i, 58, 61,71 
increased by caloric, i. 65 
of metals, ii. 462 
Elecampane, peculiar substance from, 
ii, 302 
Elective affinity. See Affinity. 
Electricity, chemical agencies of, i, 
163. 
theory of, i. 186 
Electricspark, action on carbonicacid, 
i. 837 
colour of in gases, i. 146 
Electro-magnelism, i. 193 
Electro-motion, i, 187 
Electro-negative bodies, i. 204 
Electro-positive bodies, i. 229. 
Elements, chemical, defined, i. 41 
new system of, i, 44 
Emetin, ii. 8306 
Emulsions, ii, 226 
Enamelling furnace, i. 3, 635 
Epidermis, ii, 461 


INDEX. 


Epsom salt. See Magnesia, sulphate of. 
Equivalents, chemical, defined, i. 52 
scale of, i. 53, n. 
uses of, ii. 632 
table of, ii. 635 
Essential oils, ii. 230 
Ether, effects of caloric on, i, 120 
of heating under pres- 
sure, ii. 
solution of phosphorus in, ii. 
336 ; 
gold in, ii. 136 
platinum in, ii.143 
methods of preparing, ii. 327 
purification of, ii, 327 
analysis of, ii. 338 
mode of ascertaining its purity, 
ii, 593 
acetic, ii. 332 
chloric, i. 417 ; ii, 330 
fluoric, ii, 33] 
fluoboric, ii. 331 
hydriodic, ii. 331 
properties of, ii. 332 
force of its vapour, ii. 334 
composition of, ii, 338 
muriatic, ii. 339 
nitric, ii. 338 
phosphoric, ii. 331 
pyro-acetic, ii. 345 
sulphuric, ii. 327, 593 
Ethiops mineral, ii. 118 
per se, ii. 112 
Euchlorine, i. 217 
action of iodine on, i, 224 
Eudiometer, Berthollet’s, i. 287 
Dalton’s, i, 308 
Guyton’s, i, 289 
Hope’s, i. 289 
Pepys’, i. 291. 
Seguin’s, i, 287 
Volia’s, i, 236 
with nitrous gas, i, 308 
solution of nitrous 
gas and iron, i, 312 
FEvaporating furnace, i. 2, 3 
vessels, i. 53 il. 
Evaporation occasioned by caloric, i, 9 
defined, i. 32 a? 
spontancous, i, 121, 256 
Expansion, i, 82, 89 
of solids by heat, ii. 624 
liquids by do, ii. 622 
gases by do. ii. 621 
solids, liquids, and gases, 
i. 89 
air, i.90, 100 
metals, i, 91 
exceptions to the general 
law,i. 91 
not strictly proportionate 
to temperature, i. 99 
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Expansion of fluids is as the square of Force of vapour, i. 257 


their temperature, i, 99 
of mercury, i. 100 
Extract, vegetable, ii. 172 
Eye, humours of the, ii, 430 


Fe: 


Farina, See Starch. 
Fat of animals, ii. 382 
oxygenated, ii, 383 
Feathers, ii. 462 
Fecula, vegetable. See Starch. 
Fermentation, vinous, ii. 310 
Ferro-cyanaie of iron, ii, 26 
potassa, 1. 531 
its use as a 
test, ii, 507 
copper, ii. 98 
Ferro-prussic (cyauic) acid, ii. 447 
Ferrureted chyazic acid, ii, 448 
Fibre, woody, ii. 255 
Fibrin, ii. 368 
: of the blood, ii. 400 
Filters, cautions in using, ii. 492. 
Finery cinder, ii. 17 


Fire produced by compressing aii ae 


137 
Fire-damp of coal mines, i. 422 
Fireworks without smell or smoke, i. 
233 
nitrate of soda recommend- 
ed for, i. 541 
Fish, scales of, ii. 460 
Fixed oils, ii, 226 
Flesh of animals, ii, 458 
#lints, i. 615 
liquor of, i. 618 
Flowers of sulphur, i. 371 
Fluate of ammonia, i. 228; ii. 498 
Fluidity, caused by caloric, i. 110 
Fluids of the various cavities of the 
body, ii. 431 
Fluoboric acid, i. 357 
Fluoric acid, mode of obtaining, i. 279 
silicated, i. 619 
hydro-fluoric, or liquid, 
i, 279 
nature of, i. 228 
compound of the boracic 
with, i, 357 
gas, mode of obtaining, 
i. 619 
decomposed by po- 
tassium, i. 228 
ether, ii, 331 
Fluoride of calcium, i. 228 
Fluorine, i, 228 
Flux, black, ii. 46,559 
white, ii. 599 
Fluxes, 1.476; ii, 539 


Formic acid, ii. 393 
Fossils (inflammable), analysis of, ii. 
549 
bie’; points of liquids, i. 110 
mixtures, ii. 548—550 
apparatus, i. 626 
in vacuo, Leslie’s method, i. 
133 
Frigorific mixtures, tables of, ii, 625 
Frost-bearer, i, 134 
Fulminating gold, ii. 134 
mercury, ii. 117. 
platinum, it. 145 
powder, i. 520 
silver, ii. 126 
Fuming \iquor, Boyle’s. See Ammo- 
nia, hydrosulphuret of. 
Libavius’s, ii. 38 
Fungin, ii. 302 
Furnace, evaporating, 1. 3 
Furnaces, chemical, i. 2, 629—636 
Aikin’s portable blast, i. 4, 
629 
Knight’s portable, i. 2, 3, 
631 


wind, i. 2, 3, 632 
reverberatory, 1. 634 
cupelling, or enamelling, i. 
3, 635 

portable, i. 3, 629 
Black’s portable, i. 4, 635 
Chenevix’s wind, i. 635 
general remarks on, i. 636 
Fusion, i. 110 

watery, i. 32 
Fusible metal, ii, 87 
Fustic, ii. 263 


G 


Galena, ii. 110 
Gallate of iron, ii, 28, 263 
Gallic acid, methods of obtaining, ii. 
200 
analysis, ii. 204 
characters of, ii. 203 
Galls, tincture of, as a test, ii, 495 
used as a test in substance, il. 
496 
yield tan, ti. 265 
Gall stones, ii. AIT 
a valuable pigment, ii. 417 
Galvanic arrangements, construction of, 
i. 164 
battery, i. 167 
circle, i. 155 
pile, i. 167 
theory of the action of, 
i. 186 
apparatus, i, 167 
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Galvanism, i. 163 
excitement of, i. 163 
its similarity to electricity, 
i, 192 
chemical agencies of, i, 173 
theory of the changes pro- 
duced by, i, 183 
Galvanometer, i. 195 
Gases, effect of caloric on, i, 80 
expansion of by heat, i. 138 
comparative rates at which they 
conduct heat, i. 138 
; how influenced by their mois- 
= ture or dryness, &c. i. 139 
rarefaction of, effect on their 
inflammability, i. 235 
condensible by pressure into 
liquids, ii. 660 
corrections for moisture in, i, 25 
velocities with which they 
escape through tubes, i, 144 
powers of refracting light, 154 
rules for analyzing mixtures of, 
ii, A467 
table of confinable by mercury, 
ii. 468 


table of confinable by water, ii. — 


468 


table of absorbable by do. ie eas 


AT2 

table of results of combustion, 
ii. 481 

apparatus for experiments on, 
i. 14 

method of weighing, i. 19 

transferring, i, 22 

caloric chemically combined in, 
i. 136 > 

give out their latent heat by 
compression, i. 137 

their bulk inversely as the pres- 
sure on them, i. 138 

table of the specific gravity of, 
i. 140 

specific heat of, i. 151 

capable of being absorbed by 
solid bodies, possessing poro- 
sity, i. 141 

are absorbed by liquids, i. 142 

colour of the electric spark 
transmitted through different, 
i, 146 

become thoroughly mixed under 
all circumstances, i. 243 

quantities of, absorbed by 
water, i. 253 

absorption of, by charcoal, i.331 

general law of their union by 
volumes, i, 297 

rules for reducing to a mean 
pressure and temperature, i, 


& 
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Gas-holder, i. 17 
Gas, ammoniacal, i, 395 
arsenureted hydrogen, ti, 52 
azotic, or nitrogen, i. 280 
bi-phosphureted hydrogen, i, 426 
carbonic acid, i. 335 
carbonous oxide, i, 345 
carbureted hydrogen, i, 411 
coal, i. 418 
chlorine, i. 213 
euchloric, i. 217 
fluoboric acid, ii. 357 
hydriodic acid, i. 277 
hydro-carbureted, i, 411 
hydro-phosphoric, i, 225 
hydrogen, i. 230 
_hydro-zincic, ii. 13 
muriatic acid, i, 264 
nitric acid, i. 316 
nitric oxide, i. 306 
nitrogen, i. 280 
nitrous, i. 306 
nitrous acid, i, 314 
nitrous oxide, i, 300 
oil, i. 419 
olefiant, i, 414 
_, oxygen, i. 205 
- oxymuriatic acid. See Chlorine gas. 
per-carbureted, or bi-carbureted 
hydrogen, i. 414 
phosgene, i. 440 
phosphureted hydrogen, i, 426 
potassureted hydrogen, i, 501 
prussic acid, i. 441 
silicated fluoric, i. 619 
sulphureted hydrogen, i. 429 
sulphurous acid, i, 383 
tellureted hydrogen, ii. 102 
Gas lights, i, 420 
Gastric juice, ii, 410 
Gazometer, i, 16 
mercurial, i. 18 
Gelatine, method of obtaining, ii. 354 
properties of, ii, 355_ 
tests of, ii. 357 
decompesition of, ii, 358 
converted into sugar, ii. 357 
Gems, preparation of sulphur for tak- 
ing impressions from, i, 372 
Gilding of steel, ii, 136 
Glass, how made, i. 61T 
decomposed by _ hydro-fluoric 
” acid, i. 280 
rendered black by hydro-sul- 
phurets, ii. 110 
tinged blue by zaffre, ii. 82 
expansion of, by heat, ii, 624 
of antimony, ii, 72 
mode of ascertain- 
ing its pur ty, ii, 
586 
of borax, i. 544 


2 eo" 


oy 
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Glauber’s salt. 
Gliadine, ii. 251 
Glucina, attempt to decompose, i. 599 
method of obtaining it, i. 599 
its properties, i, 600 
Glucinum, i. 599 
Glue, ii. 355 
Gluten, animal, ii. 368 
vegetable, ii, 249° 
Gold, malleability of, i. 460 
ductility of, i. 461 
physical qualities of, ii. 129 
chemical qualities of; iit. 130 
chlorides, ii. 130 
oxides of, ii. 133 
fulminating, compound of, ii. 134 
revival of, ii, 135 
precipitates of, ii. 134 
solution of, in ether, ii, 136 
solvents of, ii. Hee 
sulphuret of. ti. 136 
phosphuret of, ii. 137 
equivalent of, ii. 137 
purification of, ii. 138 
alloys of, il. 138 
fineness of, ii. 138 
its colour destroyed by palla- 
dium or platinum, ii. 151 
imitations of, ii. 99 
' its ductility destroyed by being 
keptin fusion near melted bis- 
muth, ii. 87 
analysis of ores of, it. 551 
Golden sulphur of antimony, ii. 73 
Goulard’s extract, use of, asa test, it. 
312, 357, 362 
Goniometer, i. 39 
Grains, English and French, compari- 
son of, ii. 606 
Gravel, urinary, il. 447 
Gravitation, i, 28 
Gravity, specific, 


See Sulphate of Seda. 


effect of chemical 
union on, i. 42 
of ‘gases, i. 19 
of solids and fluids, 
table of, ii. 609 
of solids, how ee; 
ii. 526 
of mixtures ofiale’- 
holand water, ii. 
317 
Green, Scheele’s, ii. 48 
Guaiacum, ii, 234, 237 
Gum, ii. 175 
British, ii. 246 
elastic, ii. 253 
Gum-resins, ii. 237 
Gun-metal, ii. 99 
Gunpowder, sulphur may beburned out 
of, without Posamiltg it, 
i, 314 
composition of, i, 520 
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Gunpowder, peculiar kind of, i. 517 
preparation of charcoal 
for, it. 255 
Gunter’s sliding rule, i, 53, note 
Gypsum, i, 562 


H. 


Hematin, ii. 305 
Hahnemann’s wine test, ii, 5'75 
Hair, method of staining it black, it. 
124 
analysis of, ii. 461 
Harrogate water, i. 432; ii. 652, 654 
Hartshorn, spirit of, mode of ascer- 
taining its purity, il. 582 
Heat. See Caloric. 
~ animal, ii, 407 
‘table of the principal effects of, 
ii, 614 
Flelix, electro magnetic, i, 196 
Hepars. See Sulphurets. « 
Hiccory, wild American, ii, 263 - 
Hoar-frost, theory of, i, 85 
FTfomberg’s pyrophorus, i, 609 
sedative salt. See Boracic 
Acid. 
Honey, ii. 183 
stone, ii, 300 
Hoofs, ii. 460 
Hordein, ii. 242 
Horn, ii, 457 
Horn-lead, ii. 105 
Horn.silver, ii. 122 
House-leek, malic acid obtained from 
ii. 205 
JTumours of the eye, ii. 430 
Hydrate, what, i. 258 
of alumina, i. 603 
chlorine, ii. 661 
cobalt, ii. 79 
copper, ii. 90 
iron, ii, 20 
lead, ii, 104 
lime, i. 553 
magnesia, i. 591 
nickel, ii. 158 
potassa, i. 506 
soda, i. 213 
tin, ii. 37 
Hydriodates, i, 277 
Fydriodic acid, i. 277 
Hydro-carburet, i. 411 
Hydro-chlore, i. 264 
Hydro-cyanic acid, i, 441 
Hydro-fiuoric acid, i. 279 
Hydrogen, an acidifying principle, i. 
221 


deutoxide or peromide of, 
i. 262 

compounds with carbon, i, 
All ' 
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Hydrogen, compounds of metals with, 
i. 483 
Hydrogen gas, i. 230 
method of procuring, i. 
231 
its properties, i. 232 
how to determine its 
purity, 1. 236 
burned under a tube 
produces a musical 
sound, i. 238 
caution with respect to 
firing, i. 238, note 
explodes by compres- 
sion with oxygen, i, 
239 
weight of, i, 241 
with oxygen, 
water, i, 244 
quantity of, absorbed 
by water, i, 253 
an acidifying princi- 
ple, i. 230 
quantity of heat given 
out by its combus- 
tion, i. 249 
combination of chlo- 
rine with, i, 264 
forms an acid gas with 
iodine, i. 277 
solution of zinc in, ii. 
13 
arsenureted, ii. 52 
carbureted, i. 411 
bi-carbureted, i, 414 
per-carbureted, i. 414 
phosphureted, i. 426 
bi-phosphureted, i. 426 
potassureted, i. 501 
sulphureted, i. 429 
super-sulphureted, i. 
435 
tellureted, ii, 102 
sulphureted,compounds 
of, with oxides, i. 
484, 489 
with metals, ii. 
A487 
liquid. See 
Sulphuret 
of carbon 
Hydrogureted sulphur, i. 435 
sulphurets, methods of 
forming, i. 436 
properties of, i. 436 
of metals, ii. 488 
Hydroionic acid, i, 278 
Hydrometer, Baumé’s, degrees of, re- 
duced to the common standard, ii. 
612 
Hydro-nitric acid, i, 322 
Hydro-oxides, i, 480 


forms 


INDEX. 


Hydro-oxide of cobalt, ii. 79 
copper, ii. 90 
iron, ii. 20 
Hydro-phosphoric gas, i. 225 
Hydro-sulphuret of ammonia, i. 433 
asa-test, 
ii. 513 
Hydro-sulphurets, 1, 436 
blacken glass, ii. 110 
TTydro-sulphureted oxides, i, AS4 
Uydro-thionic acid, i. 432 
Hydroxanthic acid, ii. 
Hydroxanthates, ii. 
Hydroxures, i. 258, 480 
Hydro-zincic gas, platinum fused = 
the combustion of, ii. 13 
Hydruret of potassium, i. 510 
tellurium, ii, 102 


| Hygrometer, i. 81, 257 


Hygrometric water, i. 255 

Hyper-oxymuriates. See Chlorates 
HHypo-sulphites, i. 388 
LHypo-sulphurous acid, 


is 
Ice, quantity of caloric absorbed in 
the liquefaction of, i. 110 


i. 388 


thawing, its temperature  uni- 
formly the same, i, 110 
not increased’ by 


liquefaction, i, 111 
quantity of caloric ab- 
sorbed during, i. 111 
lighter than water, i, 261 
Inch, cubic, of water, ii. 602 
French and English, cor- 
respondence between, 
ii, 607 
Indigo, ii, 258 
bitter principle from, ii. 277 
new experiments on, ii, 671 
Indigogene, ii. 262, 672 
Inflammable fossils, "analysis of, ii. 549 
Ink, ii. 29 
that is not easily destructible, ii. 
= 29 
sympathetic, ii. 81 
Insolubility, influence on aftinity, 1. 57 
Intermediate properties between those 
of the components, i, 40 
Inulin, ii, 302. 
TIodates, i. 225 
Todic acid, i, 225 
Iodide of nitrogen, i. 327 
Jodides, i. 483 
Iodine, discovery of, i. 222 
properties of, i. 223 
action of various gases on, i. 
224 
forms an acid gas with hydro- 
gen, ii. 277 
action on ammonja, i. 404 


INDEX. 


Jodine, sulphuret of, ii. 391 
phosphuret of, i. 370 
forms an acid with oxygen, i. 
224 
combines with nitrogen, ii. 326 
metals, ii. 483 
forms an acid with chlurine, 
i, 226 
aetion of euchlorine on, i, 224 
nature of, i. 226 
source of, i. 227 
starch a delicate test of, ii. 247 
Todures, or Todurets, i, 483 
of starch, ii. 247 
Ipecacuanha, emetic principle of, ii. 
306 
Fridium, ii, 11 
oxides of, ii. 152 
analysis of ores of, ii, 558 
Iron, properties of, ii. 16 
oxides of, ii. 10 
hydrates of, ii. 20 
chlorides, ii. 21 
salts of, ii, 22 
sulphate of, ii. 23 
its use as @ test, ii. 502 
mode of ascertaining 
its purity, ii, 586 
per-bisulphate of, ii, 23 
_ sub-sulphate of, ii. 23 
sulphite of, ii, 24 
nitrate of, ii. 24 
muriate of, ii. 24 
oxalate of, ii. 192 
ferro-cyanate of, ii. 25 
tanno-gallate of, ii. 28 
phosphate of, ii, 25 
oxy-phosphate of, ii. 25 
succinate of, ii. 30 
acetate of, ii. 30 
carbonate of, ii, 25 
sulphuret of, ii, 30 
supersulphuret of, ii. 34 
combination of carbon with, 1i.32 
cast, or crude, ii, 32 
malleable, or bar, ii. 33 
why wood-charcoal preferable 
in the manufacturing of, ii. 33 
tinning of, ii, 42 
welding of, ii, 140 (note }) 
how to detect nickel in, ii, 160 
gallate of, ii. 204 
its use as a test, ii. 502 
separation from aa ii. 


5 
nickel, ii, 542 
tests of, ii. 514 
analysis of eres of, li, 553 
Iron-moulds, ii, 29 
Isinglass, ii, 354 
iitria. See Yttria. 
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Ivory, method of covering with silver, 
ii, 123 


J. 


Jelly, animal, See Gelatine. 
vegetable, ii. 179 
Joints, fluid in the cavities of the, ii. 
432 


K, 


Kermes mineral, ii, 73 
Kinic acid, ii, 224 
Koumiss, ii. 424 


L. 


Laboratery, i, t 
Laccic acid, ii, 222 
Lactic acid, ii, 391, 424 
Lakes, how obtained, ii. 263 
Lamp for chemical purposes, i. 5 
safety, i, 422 
Lamp-black, ii. 455 
Lard, ii. 382, 384 
Latent heat. See Caloric. 
Lateritious sediment, ii. 390 
Lead, molybdate of, ii. 57 
method of purifying, ii, 102 
properties of, ii. 102 
oxides of, is, 102 
chloride of, ii, 103 
purification of gold and silver 
by, ii, 129 
mode of procuring oxygen from 
oxides of, i. 205 
danger of keeping water in, ii, 
105 
sulphate of, ii. 106 
nitrate of, ii. 107 
use in analysis, ii. 
SAT 


its use as a test, ii, 
504 
nitrite of, ii. 108 
sub-nitrite of, ii. 108. 
chloride of, ii, 105 
iodide, ii. 106 
chromate, ii. 60 
carbouate of, ii. 108 
mode of ascer- 
taining its pus 
rity, ii, 591 
acetate of, ii. 108 
jts use 2s atest, ii. 
504 
mode of ascertainirg 
its purity, ti. 591 
subeaceiate of, ti, 108 
its use asa test, 
ii. 357, 360, 
366 
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Lead, tests of, ii, 579 
phosphate of, ii. 109 
stiphuret of, ii, 110 
hydro-sulphuret of, ii, 110 
gummate, ii, 175 
saccharate of, ii. 184 
amylate, ii. 248 
tannate, ii. 270 
analysis of ores of, ii, 554 
method of detecting, i ii. 573 
in wine, ii, 
575 
soluble in water, ii. 105 
Leaf-gold, i. 460 
a test of nitre, ii. 501 
Leamington water, ii. 652, 653 
Lemons, acid of. See Citric Acid. 
Libavius, fuming liquor of, ii. 38 
Life, supported by oxygen gas, i. 212 
Ligaments, ii. 460 
Light, optical and chemical effects of, 
i. 153, 265 
what gases evolve it by com- 
pression, i, 207 
reflection of, by metals, i. 459 
Lignin, ii. 255 
starchy, ii, 246 
Lime, analysis of, i. 553 
properties of, i. 553 
hydrate of, i. 553 
milk or cream of, i. 554 
carbonate of, i, 562 
tests of, ii. 514 
does not attract carbonic acid 
gas when dry, i. 562 
sulphate of, i. 569 
tests of, ii. 514 
sul phite of, i. 569 
sulphuret of, i. 567 
hydrosulphuret of, i. 568 
chloride, i, 558 
subchloride, i. 559 
assay of, i. 560 
fluate of, i. 565 
ferro-cyanate, i. 571 
hydrosulphuret of, tests of, i. 
568 
hyposulphite, i. 568 
hydrogureted sulphuret of, i. 
568 | 
nitrate of, i. 561 
muriate of, i. 557 
cold produced by, 
i. 112 
as a test, ii. 512 
oxymuriate (chloride) of, i. 558 
chlorate bel hy per-oxymuriate 
of, i, 56L 
phosphate of, i. 566 
phosphuret of, i. 565 
tungstate of, ii. 62 
oxalate of, ii, 19] 
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Lina, cithité of, Mi. 198 
acetate of, il, 549 
prussiate of, as a test, it. 507 
tests of, ii. 514 
mode of determining the purity 
of, ii. 595 
stone, i. 562 
water, i. 555 
use of, as a test, ii. 500 
Liquefaction, i. 112 
Liquids, expansion of, by heat, i. 89 
manner in which they conduct 
heat, i. 106 
give out heat on 
solid, i. 110 
absorb gases, i, 142 
freezing points of, ii. 614 
boiling points of, ii, 615 
table of the expansion of, by 
heat, ii. 622 
tube for dropping, i. 11 
Liquor of surfaces, ii. 431 
Potasse, mode of determining 
its purity, ii. 580 
Lithia, or Lithina, discovery of, i, 548 
its properties, i. 


becoming 


distinguished from 
other alkalis, i. 
552 
carbonate of, i. 551 
nitrate of, i, 551 
sulphate of, i. 551 
Lithic-acid, ii. 385 
Lithium, i. 548 
chloride of, i, 551 
Litmus, infusion of, ii, 492 
-its useasa test, ii. 
493 
reddened by vine- 
gar, asa test, ii, 
493 
Liver of antimony, ii. 72 
sulphur, i. 511 
Loaf sugar, preparation of, ii. 180 
Logometric scale, i. 53; ii. 633 
Logwood, ii. 305 
Luna cornea, ii, 121 
Lunar caustic, ii, 123 
Lupulin, ii, 308 
Lutes, i. 9 
Lymph, ii, 432 
M. 
Madder, ii, 263 
lake from, ii, 263 
Magistery of bismuth, ii. 86 
Magnesia, analysis of, i, 590 
properties of, i. 591 


hydrate of, i. 591 
base of, i, 590 
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Magnesia, carbendie of, i, 604 
inode of Ase 
certaining 
its purity, 
' 1h 592 
chloride, i. 592 
carbonate of, and potassa, 
i. 595 
ammonio-phosphate, i, 596 
sulphate of, and soda, i. 598 
potassa, i. 
599 
suiphate of, i, 597 
mode of ascer- 
taining its pu- 
rity, ii, 584 
sulphite of, i. 596 
nitrate of, i. 593 
muriate of, i. 592 
triple muriate, i. 592 
oxalate of, ii. 192 
citrate of, ii, 199 
acetate of, ii. 349 
tests of salts of, ii. 514 
mode of ascertaining its pu- 
rity, ii. 593 
Magnesium, i. 590 
malates, ii. 208 
Magnetism, electro, i. 193 
Malic acid, methods of obtaining, 11.203 
properties of, ii. 207 
the same with the sorbic 
acid, ii. 206 
| Malleability, i. 460 
Maltha, ii. 295 
Malting, converts starch into sugar, ii. 
242 
Mangnie method of obtaining, ii. 1 
properties of, ii. 2 
oxides of, ii. 3 
action at: acids on, ti. 6 
chloride of, ii. 6, 8 
salts of, ii. 6 
gives aviolet tinge to bo- 
rate of soda, ii. 9 
compound of its oxide 
with potassa gives dil- 
ferent colours 
water, ii. 9 
sulphuret of, ii, 11 
sulphureted oxide of, ii. 11 
analysis of ores of, ii. 556 
- oxalate of, ii, 192 
Manganesiates, ii. 10 
Manna, ii. 182 
Marble, i. 563 
Margaritic acid, ii. 384 
Marls, analysis of, ii. 598 
Mass, meaning of, as used by Berthol- 
let, i. 55 
its influence on chemical affi- 
nity, i. 56 


with 
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Maasicol, i, 103° ~ 
Matches for proctitifig instintaféotis 
light, i, 516, note 
Matlock wi ater, ii. 653 
Matrass, i. 11 
Measures, English, ii. 601 
German, ii. 602 
Dutch, ii. 602 
English, reduced to French, 
ii. 603 
Swedish, ii. 602 
old French, ii. 603 
modern French, ii. 608 
Mechanical division, influence of, on 
affinity or solution, i, 30 
pressure. See Pressure 


Medullin, ii, 308 


Melasses, ii. 180. 
Mellilite, ii. 300. 
Mellitic acid, ii, 300 
Melting points of solids, ii. 614— 
Membranes, ii. 460 
Menachonite, ii. 82 
Murcurial trough, i. 19 
Newman’s, i. 638 
Mercury, congelation of, i. 125 
apparatus for, i. 626 
combination of, with potas- 
sium, i, 512 
combination of, with sodium, 
i, 540 
its specific gravity increased 
by congelation, ii. 11] 
volatilization of, ii. 114 
oxides of, ii. 111 
methods of ascer- 
taining their pu- 
rity, ii. 589 
‘chlorides, ii. 113 
sulphate and persulphate of, 
ii. 115 
nitrate of, ii. 117 
its use as a lest, 
ii. 505 
subnitrate of, ii. 94, 117 
nitroxide of, ii. 117 
per-nitrate of, i. 11 
cyanide of, ii. 116 
falminating, ii, 117 
muriate of, ii. 113 
method of ascer- 
taining its pu- 
rity, ii. 587 
submuriate of, ii. 113 
method of ase 
certaining 
its purity, 
ii, 588 
action of chlorine on, ii. 113 
alloys of, ii. 119 
sul phurets of, ti. 118 
use of, as a test, ti, 501 
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Mercury, analysis of ores of, ii. 554 

method of ascertaining its 
purity, ii. 583 

apparatus for freezing, i, 114 

their comparative power of 
conducting heat, i. 106 

fused and ignited by electri- 
city and galvanism, i, 174 

enumeration of, i, 457 

general properties of, i. 457 

comparative expansibility by 
heat, i. 90 

table showing the colours of 
precipitated by prussiate 
of potassa, i. 533 

specific gravities, i. A458 

order in which they reflect 
light and heat, i, 459 

comparative tenacity of,<t. 
A6L 

chemical properties of, i. 462 

oxidation of, i, 464 

method of calculating the 
oxygen acquired by, i, 467 

proportion of oxygen neces- 
sary for the solution of, i. 


Metals, 


468 
different stages of oxidation 
of, i. 469 


action of alkaline soluticns 
on, i. 475 
reduction of, i. 476 
table of the proporticns of 
oxygen with which they 
combine, i. 479 
compounds of ae with, 
. 483 
ciniat with, i. 
A84 
sulphureted hy- 
drogen with, 
ii, 487 
chlorine with, 
i. 481 
iodine with, i, 
483 
phosphorus 
with, i. 489 
earbon with, ii. 
490 
alloys of, i. 490 
their qualities altered in al- 
loys, i. 491 
classification of, i, 494 
malleable, i, 460 
use of, as tests, ii, 501 
tenacity of several, i, 461 
analysis of ores of, ii, 551 
colours of precipitates from, 
ii, 644 
Meteoric stones, all contain iron al- 
loyed with nickel, ii. 160 


INDEX. 


Milk, description and properties of, 
ii. AID 
vinous fermentation of, ii, 424 
sugar of, il. 378 
acid of, ti. 424 
different kinds of, ti. 425 
Mindererus’s spirit, ii. 349 
Minerals, general directions for the 
examination of, ii. 523 
Mineral tar, ii. 294 
pitch, ii, 295 
waters, analysis of, ii, 487 
examination of, 
re-agents, ii. 489 
substances that may 
be expected in, and 
means of detecting 
them, ii. 513 
analysis of, by eva- 
poration, ii. S515 
Dr. Merray’s formula 
for the analysis of, 
ii. 519 
table of the composition of, ii. 
651 
yellow, ii, 
Minium, ii. 102 
Moffat water, ii. 652 
Molecule, integrant, i, 36 
Molybdate of potassa, ii. 55 
Molybdenum, ore of, ii. 55 
mode of obtaining, ii, 55 
properties of, ii, 55 
oxides of, ii, 56 
analysis of ores of, it, 557 
Molybdic acid, mode of obtaining, ii.55 
properties of, ii, 55 
Molybdcus acid, ii, 55 
Mordaunt, what, ii, 258 
Moroxylic acid, ii, $22 
Morphia or Morphine, ii. 279 
how procured, 
ii. 279 
properties, 
ii. 280 


by 


105 


its 


Mother of pearl, ii, 457 
Motors of electricity, i. 187 
Mucilage, ii, 175 
Muco-eatractive matter, ii. 361 
Mucous acid, ii. 391 
Mucus, ii. 363 
tests of, ii, 366 
of the nose, ii, 428 
Muffies, i. 5 
Mulberry caleuli, ti, 450 
Multiples, \aw of combination in sime 
ple, i. 44 
illustrated, i, A74 
Murtate of ammonia, i, 405 
baryla, i, 575 
bismuth, fi. 85 
copper, ti, 90 


Muriate of ivon, if, 21 
lead, ii. 105 
lime, i. 558 
magnesia, 7. 592 
mercury, ii. 113 
potassa, i, 503 
silver, ii. 121 
soda, i, 537 
strontia, 1. 485 
tin, ii. 40 
zinc, it. 14 

Muriates, tests of, it, 434 
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Neutralization, i. 40, 72 
Nickel, method of purifying, ii, 154 
properties of, ii. 156 
chloride of, ii, 157 
ferro-cyanate, ii, 158 
sulphurets, ii, 159 
how to detect small quantities 
of, ii. 160 
new experiments on, it. 670 
alloyed with iron in all me- 
teoric stones, ii, 160 
analysis of ores of, ii. 555 


hyperoxygenized. See Chlo-  Nicvtin, ii. 305 


rates. 


Muriaite acid, synthesis of, i, 264 
process for preparing, 


i. 267 


its properties, i. 268 
table of strength of, i. 


273 
tests of, ii, 514 


mode of ascertaining the 
purity of, ii, 977 
oxygeuized. See Chlo- 


rine 


gas, mode of obiaining, 


i. 265 


propertiesof, i. 268 
its attraction for 
water, 1. 269 


Nitrates, tests of, ii, 501 
Nitrate of ammenia, i, 497 
baryta, 1.577 
bismuth, ii, 86 
cobalt, ii. 80 
copper, i. 753 ti. 92 
iron, ii. 24 
lead, ii. 107 
lime, i, 56] 
magnesia, i, 593 
mercury, ii. 117 
potassa, 1. 518 
silver, ti. 123, 590 
soda, i, 514 
strontia, i, 587 
tin, ii. 39 
zinc, ii, 14 


actionof potassium Niére. See Potassa, nitrate of 


on, 1. 308 
becomes liqaid un- 
cer pressure, ii. 


662 
ethir, ii. 339 


Nitric acid, i. 316 
‘composition of, i. $17 
properties of, i. 321 
real acid in, i. 321 
table of strength of, ii, 


table of the quantity of 642 


real or dry muriatic 
veid in 100 parts of 
the liquid acid at 


process for preparing, i. 
318 
purification of, i. 320 


successive 


specific 


in its pure state elastic, i. 


gravities, ii, 643 317 


Muscle, basis of, ti, 458 


converted into fat, ii. 381 
component parts of, ii. 458 


' Muscovado sugar, ii. 180 


Mushrooms, peculiar substance ex- 


tracted from, ii. 302 


Musi-a! sounds, from burning hydrogen 


gas under a tube, i. 238 


Myrica cerifera, berries of, contain 


wax, li. 275 | 
Myricin, ii, 275 
Myrtle-rvwax, ii, 275 


Nails, of animals, ii, 460 
Naphtha, ii. 292 
Naphthaline, ii. 298 
Narcotic principle, ti, 279 
Neutral salts, 1. 472 


use of as a test, ii, 497 
test of, ii. 501 
mole of ascertaining the 
purity of, ii, 576 
table of the proportion of 
real or dry nitric acid 
in 100 parts of the li- 
quid acid at successive 
specific gravities, 1. 
642 
ether, ii, 338 
oxide, 1, 306 
Nitricum, supposed base of nitrogen, 
i. 283 
Nitrites, i, 315 
Nitragen gas, i. 280 
how procured, i. 281 
its properties, i, 282 
weight of, i, 282 
quantity of, absorbed by 
water, 1. 253: 
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Nitrogen gas, compounds of oxygen 
with, i, 296 
combines with chlorine, 
i. 325 
with iodine, ii. 326 
gaseous oxide of. See Ni- 
trous Oxide. 
Nitro-muriatic acid, i. 324 
Nitro-sulphuric acid, ii, 127 
Nitro-muriates, no compounds properly 
so called, i. 325 
Nitrous acid, i. 314 
composition of, i, 300 
use of as a test, ii. 497 
mode of ascertaining the 
purity of, ii, 576 
vapour, i. 314 
action on sulphurous 
acid, i. 386 
composition of, i. 306 
quantity of absorbed by 
water, i. 306 
properties of, i. 307 
applied to eudiometry, 
i. 308 
decomposition of, i. 311 
synthesis of, i. 311 
oxide, i, 300 


gas, 


quantity of absorbed by | 


yg owWater, 1.’ 253 
mode of obtaining, i 
S00" 
properties of, 1, 302 
effects of respiring it, 
: i. 306 
Nitroxide of mercury, ii. 117 
Nitrum-flammans, i, 407 
of salts, i, 474 
Nose, mucus of the, ii. 428 
Nucleus of crystals, i, 36 


O. 


Oil, Dippel’s animal, ii. 455 
of vitriol. See Sulphuric Acid. 
of wine, ii. 328 
gas, i. 419 
olive, method of ascertaining its 
purity, ii, 594 
Oils, animal, ii, 379 
fixed, how obtained, ii. 226 
properties of, ii, 226 
with alkalis form 
ii, 227 
dissolve sulphur, ii. 227 
rendered drying by me- 
tallic oxides, ii. 228 
distillation of, ii. 228 
combustion of, ii. 228 
action of acids on, ii. 229 
spontaneous combustion 
of, ii, 230 


soap, 
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Oils, volatile, or e:sential, ii. 230 
mode of detecting their 
adulteration, ii. 593 
Olefiant gas, quantity of, absorbed by 
water, i. 253 
method of procuring, i, 
AlA 
properties of, i. 416 
action of chlorine on, i. 
350 
Oleic acid, ii. 384 
Olivile, ii. 307 
Onion, juice of, contains much sugar, 
ii. 183 
Opium, constituent parts of, ii. ay 
Ores, analysis of, ii. 551 
inthe dry way, li. 
558 
Organic and inorganic compounds, dis- 
tinction between, ii. 161 
Orpiment, ii. 53 
Osmazome, ti. 465. 
Osmium, ii. 152 
oxide of, ii. 153° 
analysis of ores of, ii, 558 
Oxalate of ammonia, ii. 190 
baryta, ii. 191 
lime, ii. 191 
magnesia, ii. 192 
potassa, ii. 189 
soda, ti. 190 
strontia, ii. 191 
Oxalates, ii. 189 
use of, as tests, ii, 497 
Oxalic acid, mode of obtaining, ii. 186 
properties of, ii, 187 
composition of, ii. 188 
found native in vegeta- 
bles, ii, 221 
use of, as a test, ii, 497 
a poison, when taken 
internally, ii. 187 
Oxidation, i. 210, 464 
different stages of, i. 464 
Oxide, cystic, ii. 45] 
xanthic, ii, 452 
Oxides, how produced, i. 462 
quantity of acid required for 
their saturation in propor- 
tion to their oxygen, i. 471 
~ their solubility proportionate 
to their oxygen, i. AT1 
decomposition of, i. 476 
all yield their oxygen to pot- 
assium, i. 513 ‘ 
nomenclature of, ii. 476 
table of the composition of, ii. 
478 
sulphureted, i. 484, 487 
hydrosulphureted, i. 484, 489 
hydrogureted, sulphurets of, i. 
488 
hydrated, i, 480 


INDEX. 


Oxidizement, i. 464 
Ovidule, ii, 476 
Oxygen, not the sole principle of 
acidity, i. 211 
compounds of combustible 
bases with, i. 2il 
law respecting the union of 
bodies combined with, i. 
470 
proportion necessary for the 
solution of different metals, 
i, 468 
gas, i. 205 
procured from various 
substances, i. 205 
its properties, i. 206 
weight of, i. 206 


diminished in combus- 
tion, i. 208 
abeurbed by _ bodies 


burned, i. 208 
its union produces an 
oxide, an acid, or an 
alkali, i, 211 
supports animal life, i. 
212 
apparently absorbed by 
the blood, i. 212 
with hydrogen 
water, i. 244 
quantity of, absorbed by 
water, i. 253 
combination of nitrogen 
with, i. 296 
compounds of chlorine 
with, i, 217 


forms 


Oxyiodes, i, 225 
Oxyiodic acid, i. 225 

Oxyiodine, ii, 225 

Oxymuriatic acid. See Chlorine. 
Oxvymuriates. See Chlorides. 
Oxu-phosphate of iron, ii. 125 
Oxy-sulphate of iron, ii. 23 


Py 


Paint, fresh, injurious effects of, ii.'231 
Paintings, method of copying on 
glass, and tran sferring to 
Jeather or paper, ii, 125 
‘Palladium, ii, 148 
oxides of, ii, 149 
sulphuret of, ii. 149 
test of, ii. 150 
alloys of, ii. 151 
analysis of ores of, ii. 558 
Pancreatic juice, ii. 412 
Paper, preparation of, for tests, ii, 493 
dark blue, round sugar-loaves, 
a test, ii. 494 
Papin’s digester, thee 
Pearls, ii, 457 
Pearlash, i. 522 
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Pearlash, method of ascertaining the 
real quantity of alkali in, i, 523 
Pearl-white, ii. 86 
Peat, ii. 300 
Pechblende, ii. 74 
Pepper, ii, 309 
Pepys’s blow-pipe, i. 13 
Per-chloric acid, i. 221 
Per-chlorides, i, 481 
Per-nitrous acid, i. 313 
Per-phosphorous acid, i. 364 
Pericardium, \iquor of the, ii. 431 
Perowides, ii, ATT 
Perspiration, fluid of, ii, 434 
Petroleum, ii, 294 
Pewter, ii, 42 
Phlogiston, i, A462 
Phosgene gas, ii. 440 
Phosphate of iron, ii, 25 
soda, i. 545 
lead, ii. 109 
ammonia, i. 410 
baryta, i. 580 
lime, i. 566 
silver, ii. 128 
Phosphatic acid, i. 361 
Phosphori, solar, i. 160 
Phosphoric acid, i. 360 
method of ee 
i. 362, 3 
glacial, i. 367 
ee of, i. 362 
exists in vegetables, 
» Fe 223 
test of, ii, 507 
ether, ii. 331 
Phosphorous acid, i. 362 
properties of, i, 362 
Phosphorus, its character, i. 358 
compounds of phosphorus 
with oxygen, i, 368 
with iodine, i. 370 
mode of obtaining, ii. 
368 
Baldwin’s, i. 160 
Canton’s, i. 160 
Homberg’s, i. 160 
liquid, ii, 232 
solution of, in ether, ii. 
336 
its combination with chlo- 
rine, i, 369 
with nitrogen, i. 449 


combines with metals, 
i, 489 

Bolognian or solar, i. 
584 


Phosphuret, of carbon, i. 360 
copper, il. 99 
gold, ii. 137 
iodine, i, 370 
lime, i. 365 
platinum, ii. 144 
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Phosphuret, potassium, i. 511 
sodium, i, 540 
selenium, i. 45] 
sulphur, 7. 450 
zinc, ii. 16 
Phosphurets, metallic, i, 489 
Phosphureted hydrogen gas, prepara- 
tion of, 1, 425 
Photometer, i. 161 
Picromel, ii. 413 
Picrotoxia, ii. 284 
Pinchbeck, ii. 99 
Piperine, ii. 309 
Pitch, mineral, ii. 295 
Pit coal, ii. 295 
Plaster of Paris, i. 569 
Plasters, ii. 228 
Platinum, ii. 139 
properties of, ii. 139 
oxides of, ii. 140 
test of, ii. 143 
chloride, ii, 142 
sulphuret, ii. 143 
sulphate, ii. 144 
muriate asa test, ii, 512 
ethereal, solution of, ii. 8! 
phosphuret of, ii. 144 
alloys of, ii. 145 
fulminating, ii, 145 
a slow conductor of caloric, 
ii. 140 © 
analysis of ores of, ii, 551 
Plumbago, ii. 34 
method of ascertaining its 
purity, ii. 550 
composition of, ii, 32 
Plumber’s solder, ii, 42 
Pneumato-chemical trough, i. 15 
Poisons, method of detecting, ii. 561 
Polarization of light, i, 155 
calorific rays, i, 158 
Pollenin, ii. 306 
Polychroite, ii. 174, 304 
Portable furnaces, i, 3. 631 
soup, ii, 355 
Potassa, preparation of, i. 506 
never quite free from carbo- 
nic acid and water, i, 507 
found in minerals, ii, 545 
properties of, i. 507 
hydrated, i. 506 
table of the quantity in solu- 
tions of different gravities, 
i. 508 
analysis of, i, 497 
component parts of, i, 505 
sub-carhonate of, i. 521 


method of 

_ obtaining, 
1.522 «». 

its use asa 
test, ii, 
499 


INDEX. 


Potassa, sub-carbonate, mede of as- 
certaining its purity, ii. 
575 

bi-carbonate of, i. 524 
sulphate of, i. 524 
mode of ascer- 
taining its pu- 
rity, ii. 582 
bi-sulphate of, i. 530 
sulphite of, i. 528 
hydro-sulpburet of, i. 526 
hydrogureted sulphuret of, i. 
' 526 
nitrate of, i. 518 
test for, ii. 501 
mode of ascer- 
taining its pu- 
rity, ii. 582 
nitrite of, i. 315 
hyponitrite, i. 315 
muriate of, i. 509 
chlorate or hy per-oxymuriate 
of, i. 513 
arsenite of, ii, 48 
molybdate of, ii. 56 
oxalate of, ii, 189 
bin-oxalate of, ii, 189 
quadroxalate of, ii, 189 
citrate of, ii. 198 
tartrate of, ii, 212, 
bi-tartrate of, ii, 213 
mode of ascer- 
taining its 
purity, ii. 
584 
acetate of, ii. 348 
mode of ascertain- 
ing its purity, 
ii. 583 
solution of, mode of ascer- 
taining its purity, ii. 580 
ferrocyanate of, ii, 27 
asa test, ii. 507 
chromate of, ii. 58 
sulphate of alumina, a test 
of, i. 609 
per-chlorate of, i. 517 
iodate, i. 517 
_hydriodate, i. 517 
- phosphate, i. 525 
cyanide, i, 531 
hydgocyanate, i. 531 
ferro-cyanate, i. 531 
Potash of commerce, i, 522 
method of ascer- 
taining the real 
quantity of al- 
kali in, i. 523 

Potassium, 1. 497 

mode 
500 - 

its properties, i. 503 

oxides of, i. 504, 506 


of procuring, 1. 


INDEX. 


Potassium, its action on water, i. 504 
chloride of, 1. 508 
iodide, i. 509 
hydrurets, i. 510 
pbosphuret of, i. 511 
sulphuret of, i. 511 
amalgam of, i. 512 
alloys of, i. 512 
compounds with meials, 
i. SIZ 
reduces all oxides, i. 513 
action of sulpbureted hy- 
drogen on, i. 
A433 
iodine on, i. 509 
alloy of tellurium with, ti. 
102 . 
Potassureted hydrogen gas, i, 510 
Potato, analysis of, ii. 240 
Pot-metal, ii. 99 
Pouges water, ii. 651 
Precipitate per se, i. 112 
red, ii. 117 
Precipitates, apparatus for drying, i. 
12 


colours of, ii, 644 
Precipitation, i, 54 
jars for, i. 622 
Pressure, influence on boiling point 
and formation of vapour, 
E2822 
influence on affinity, i, 60, 80 
Prince Rupert’s metal, ii. 99 
Printers’ types, ii. 73 
Proportions in which bodies combine, 
i. 43, 63 
generally definite, i, 43 
multiples of each other, i. 
44 
in volumes of several com- 
pounds whose elements 
are gaseous, ii. 640 
Proto-chlorides, ii, 481 
Protozxides, ii. 477 
Prussian blue, method of preparing, 
ii. 26 
Prussiate of iron, ii. 26 
lime, i. 57! 
potassa, i. 531 
Prussiates, triple, i, 448 — 
Prussic acid obtained from vegetables, 
ii, 223 
mode of obtaining, i. 441 
Purple powder of Cassius, ii. 136 
Purpuric acid, ii. 388 
Pus, ii. 433 
Putrefaction resisted by charcoal, i. 
332 
retarded by 
acid, i. 345 
Pyrites, iron, ii. 30 
copper, ii. 100 


carbonic 
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Pyrmont water, ii. 651 
Pyro-acetic ether or spirit, ii, 351 
Pyrocitric acid, ii. 667 
Pyroligneous acid, ii. 255, 342 
the same with the 
acetic, ii, 255 
Fyromalic acid, ii. 208 
Pyrometer, 1. 90 
Wedgwood’s, i. 604 
Pyromucous acid, ii. 177 
Pyrophorus, Homberg’s, i. 609 
Pyro-tartarie acid, ii. 217 
Pyro uric acid, ii, 387 


Q. 


Quadroxalate, of potassa, ii. 189 
Quantity, its influence on affinity, 56 
Quartation, ii. 138 
Quercitron bark, ii. 263 
Quicksilver. See Mercury: 
Quills, coagulated albumen, ii, 462 
Quinia, ii, 287 

R, 


Radiant heat, i. 84 
Radishes, scrapings of, stain paper as 
a test, ii. 493 
Rays, illuminating, i i, 156 
deoxidizing, i. 158 
heating, i. 156 
Re-agents, ii, 489 
Realgar,ii, 530 
Receiver, i. 6 
tubulated, i. 6 
quilled, i. 7 
Red-lead, ii. 102 
Reduction of metals, 1. 476 
Regulus of antimony, ii. 67 
Rennet, ii. 420 
Resins, vegetable, ii. 234 
animal, ii. 375 
Respiration diminishes the bulk of air, 
i. 293 
produces carbonic acid, i. 
343 
function of, examined, ii, 
405 
Rete mucosum, ii, 461 
Retinasphaltum, ii, 295 
Retorts, i. 6 
coating for, i. 9, 10 
Reverberatory furnace, i. 3 
Revival of metals, i. 416 
Rhatany, extract of, ii, 266 


Rheum palmatum contains oxalic acid, 
ii, 221 


Rheumic acid, ii. 224 

Rhodium, ii. 146 
alloys of, ii. 147 
oxides of, ii, IAT 
analysis of ores of, i1, $58 


698 


Roasting of ores, ii, 558 
Rochelle salt, ii. 215 
mode of ascertaining its 
purity, ii, 500 
Rosasic cae ii, 336, 388 
Rosin, ii, 234 
Rule, Gunter’s sliding, use of, i. 53, n. 
Rust of iron, ii. 114 


Ss. 


Saccharate of lead, ii. 184 
Saccho-lactates, ii. 391 
Saccho-lactic acid, ii. 391 
Safety-lamp, construction of Sir H. 
Davy’s, i. 422 
principle of its opera- 
tion, i. 423 
Safflower, ii. 262 
Saffron, substance extracted by alco- 
hol from, ii. 174 
Sago, ii. 248 
Sal ammoniac, 
of. 
Sal prunelle, i, 519 
Salifiable base, i. 472 
Salifying principle, i. 472 
Saliva, ii, 409 
properties of, ii. 409 
component parts of, ii. 410 
Salt, common, ‘See Soda, muriate of. 


See Ammonia, muriate 


of sorrel, ii. +189. See Oxalic 
Acid. a 
petre. See Potash, nitrate of. 


spirit of. See Muriatic Acid. 
Salts, definition of, i. AT2 
division of, ‘ AT2 
terminology of, i. 473 
incompatible, not so when dis- 
solved in a large quantity of 
water, ii. 520 
_analysis of, ii. 527 
solubility of, in water, ii. 628 
- in alcohol, ii. 631 
insoluble, disunited by Galvan- 
ism, i. 180 
incompatible, ii. 518, 632° 
neutral, i. 472 
Sandheat, i. 634 
furnace for distilling by, i. 3 
Sarcocoll, ii. 307 
Saturation, i. 30, 40 
Scale of equivalents, i. 533 ii. 633 
Scales of animals, ii. 460 
Scarlet, solution of tin used in dyeing, 
iiM41, 263... 
Scheele’s green, ii. 48, 563 
Seawater, ii. 522 
Sebacic acid, ii. 393 
Secretions, animal, ii. 408 
Sedative salt. See Boracic Acid 
Sediment, lateritious, ii. 390 
Seidlitz waters, ii. 652 


INDEX. 


Seignette’s salt, ii, 215 
mode of ascertaining 
its purity, ii. 500 
Seleniates, i. 391. 
Selenic acid, ti. 392 
Selenium, i. 391 
Seltzer water, ii. 651 
Selenureted hydrogen, i. 436 
Separator, i. 621 
Serosity, ii. 398 
Serum, ii, 397 
Sesqui-carbonate of ammonia, i. 409 
soda, i. 544 
Shells, ii. 457 
Sttica, attempts to decompose, i. 614 
method of obtaining, i. 615 
properties of, i. 616 
doubtful whether an alkali or 
an acid, i. 618 
affinities for other earths, i, 618 
Silicated alkali, i. 618 
fluoric gas, ii. 619 
Silict-fluoric acid, i, 619 
Silicium, i. 614 
Silk, sulphurous acid gas whilens and 
gives lustre to, i. 384 
properties of, ii. 463 
Silver, properties of, ti, 120 
tarnishing of, ii. 120 
oxides of, ii. 120 
chloride of, ii, 121 
sulphate of, ii. 123 
its use asa 
502 
nitrate of, ii. 123 
its use as a test, ii. 
502 
mode of ascertaining 
its purity, ii. 590 
subnitrate of, ii. 123 
muriate of, ii. 121 
purification of, ii, 129 
horn, ii. 121 
fulminating compounds of, ii. 
126 
solvent of, ii. 127 
phosphate of, ii. 128 
alloys of, ii. 128 
standard, ii. 128 
sulphuret of, ii. 128 
acetate of, ii. 351 
use of, asa test, ii. 502 
analysis of ores uf, ii. 552 
Similor, ii. 99 
Sinews, ii. 460 
Skin, ii. 461 
Smalts, ii. 82. 
Smells, destroyed by charcoal, fco2*:. 
Soap, ii. 227 
dissolved in ‘gape! as a test, ii. 
512 
transparent, ii. 227 
acid, ii. 230 


atest, ii. 


INDEX. 


Soda found in minerals, ii. 546 
preparation of. See Potassa. 
properties of, i. 536 
hydrated, i. 536 
table of the real quantity in so- 

lutions of different gravities, i. 
537 
analysis of, i. 536 
component parts of, i. 536 
never free from water, i. 536 
bi-carbonate of, i. 543 
sub-carbonate of, i. 541 
its use asa test, 
ii, 422 
mode of acer- 
taining its 
purity, 11.580 
sesquicarbonate of, i. 544 
sulphate of. i. 547 
mode of ascertain- 
ing its purity, ii. 
582 
sulphite of, i, 546 
hydrosulphuret of, i. 546 
nitrate of, i. 541 
muriate of, i. 537 
decomposed by ox- 
ides of lead, ii. 106 
mode of ascertaining 
its purity, ii, 583 
chlorate of, i. 540 
phosphate of, i, 545 
as a test, ii. 510 
borate of, i. 544 
mode of ascertaining 
its purity, ii. 506 
sub-borate of,1. 544 
oxalate of, ii. 190 
iodate of, i. 541 
hydriodate, i, 541 
seleniate, i, 548 
ferrocyanate, i. 548 
bin-oxalate of, ii. 190 
citrate of, ii. 198 
acetate of, ii. 348 
tartrate of, ii, 215 
succinate of, as a test, ii. 510. 
Sodium, i. 534 
mode of procuring, i. 534 
chloride of, t. 537 
iodide, i. 540 
properties of, i. 535 
oxides of, i. 536 
sulphuret of, i. 540 
phosphuret of, i. 540 
amalgam of, i, 540 
action of sulphureted hydro- 
gen on, i. 433 

Soils, oak of, 11. 599 

Solar phosphori, i. 160, 584 

Solders, ii. 42, 87 

Solids, expansion of, by heat, i, 82 

table of, ii, 624 


699 


Solids, absorb heat in becoming liquid, 
i. 86 
melting pints of, ii. 614 
possessing porosity, absorb 
gases, i. 141 
point of volatilization of some, 
ii. 615 
specific heat of several, ii. 150 
Solution defined, i. 31 
not always necessary to che- 
mical action, i, 31 
experimental ilustrations of, 
i 1g 
effects of very minute divi- 
sion of bodies, i. 74 
generally produces cold, i. 
259 
heat sometimes evolved in, i. 
259 
Sorbic acid. See Malic Acid 
Sorrel, salt of, ii. 189. See Oxvalic Acid. 
Soup, portable, ii. 355 
Spa water, ii. 651 
Spar, calcareous, i. 563 
ponderous, i. 581 
Specific gravity. See Gravity, specific. 
caloric. See Caloric. 
Speculum metal, ii. 99 
Spectrum, solar, heat and light of, i. 156 
Speltre, ii. 11 
Spermaceti, ii. 381 
Spirit, proof, ii. 315 
of wine, ii. 315, 593 
Stalactites, i. 563 
Starch, a delicate test of iodine, i. 227; 
ii. 247 > 
converted into sugar in the 
process of malting, ii. 242 
mode of obtaining, ii, 239 
properties of, ii. 241 
method of converting it into 
sugar, il, 243° 
analysis of, ii. 247 
ioduret and sub-ioduret of, ii. 
—QAT 
See Vapour, Aqueous, under 
high pressure, \atent heat 
of, 1. 132 
does not scald, i. 133 
_ formed in strong glass tubes, 
ii. 662 
formed at the bottom of water 
is invisible, i. 116 
has the same temperature as 
f boiling water, i. TI6 
latent heat of, i. 126, 128 
specific gravity of, i. 128 
equal weights of, contain equal 
quantities of caloric, i. 131 
_ applicable to the purpose of 
heating bodies, i. 135 
force of, at different tempera- 
tures, ii, 617 


Steam. 
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Stearin, ti, 383 
Steel, method of gilding, ii, 136 
a compound of iron and carbou, 
ii, 33 
cast, ii, 34 
new alloys of, ii. 34 
Stibic acid, ii, T0 
Stibious acid, ii. T0 
Still, common, i, 6 
Stones, analysis of, ii, 529 
substances, that may be expect- 
ed in, and means of separat- 
ing, ii, 548 
analysis of, i. 585 
properties of, 1. 585 
carbonate of, i. 588 
sulphate of, i. 589 
hydrate of, i. 586 
hydrosulphuret of, i, 589 
nitrate of, i. 587 
muriate of, i, 586 
chlorate of, i. 587 
oxalate of, ii. 191 
acetate of, ii. 330 
use of strontia as a test, il. 
501 
Strontium, i. 585 
chloride of, i. 556 
Strychnia, ii. 282 
Subborate of soda, i. 544 
Subcarbonate of ammonia, i. 408 
lime, i. 562 
magnesia, i, 590 
potassa, i. 521 
soda, i. 541 
Subchleride of lead, ii. 105 
Suber, ii. 280 
Susbenic acid, mode of obtaining, ii. 280 
properties of, il. 280 
Sublimate, corrosive, il. 113 
Sublimation, i. 314 
Submuriate of copper, ii. 90 
gold, ii. 130 
mercury, ii. 114, 588 
Subnitrate of mercury, it. 117 
silver, ii. 123 
copper, ti. 93 
Subnitrite of lead, ii. 108 
Sub-silicated fluoric acid, i. 619 
Sub-sulphate of copper, ii. 94 
iron, ji, 23 
mercury, ii. 
tin, ii 39 
Sub-sulphuret of mercury, ii. 118 
Sub-tannate of lead, ii. 270 
Succinate of ammonia, as a test, ii, 509 
iron, ii, 239 
soda, as atest, ii, 509 
Succinates, ii, 238 
Succinic acid, ii, 238 
mode of ascertaining the 
purity of, ti, 579 


Strontia, 


115 


Sugar, ti. 18T 


INDEX, 


Sugar, preparation of, ii. 180 
obtained from several vegeta- 
bles, ii. ISL 
from grapes, ii, 182 
from gelatine, ii. 356 
equivalent of, ii, 186 
properties of, ii. 183 
component parts of, ii, 185 
substances resembling, ii, 186 
starch convertible into, ii, 
242 
renders nitrous acid a solvent 
of manganese, ii, 8 
animal, ii. 378 
of lead, ii. 108 
of milk, ii. 378 
Sulphate of alumina, i, 606 
ammonia, i. 410 
ammonia and magnesia, i. 
598 
baryta, i, 58] 
bismuth, ii. 86 
copper, ii. 98 
iron, ii. 23 
lead, ii, 106 
lime, i. 569 
lithina, i. 531 
magnesia, i. 597 
mercury, ii, 115 
potassa, i. 524 
silver, ii. 123 
soda, i. 547 
strontia, i, 589 
tin, ii. 39 
zine, ii. 13 
compound, of magnesia and 
soda, i, 598 
Setphistes, tests of, ii, 305 
Sulphite of alumina, i i. 362 
ammonia, i. 410 
baryta, i. 581 
lime, i. 569 
‘ magnesia, i. 596 
potassa, i. 528 
soda, i, 546 
copper, ii. 95 
iron, ii. 24 
lead, ii. 107 
Sulphites, sulphureted, i. 388 
Sulphur, i. 371 
compounds of, i. 3T2 
purity of, ii. 549 
properties of, i. 371 
preparation of, for taking im- 
pressions, i. 372 
combination of alcohol with, 
i, 372 
contains hydrogen, i. 373 
oxygen, i, 313 
combustion of, i. 374 
combination of alkalis with, 
1. 487 
alcohol of, i. 451 


INDEX. 


Su'’phur, combination of chlorine with, 
i. 391 
phosphuret of, i. 450 
combination of metals with, 
it. 484 
balsam of, ti, 227 
hydrogureted, i. 435 
Sulphuret of potassium, i. 511 
sodium, i. "540 
ammonia, i. 433, ii. 562, 
513 
lime, i. 567 
carbon, i. 451 
iodine, ti. 391 
gold, ii. 136 
silver, ii, 128 
selenium, i. 455 
mercury, ii. 118 
palladium, ii. 149 
copper, ii. 98 
iron, 1i. 39 
nickel, ii. 159 
tin, ii. 41 
lead, ii. 110 
zine, ii. 15 
bismuth, ii. 87 
antimony, li, 72 
arsenic, ii, 53 
cobalt, ii. 82 
manganese, ii. If 
molybdenum, ii. 57 
Sulphurets, alkaline, i. 487 
use of, as tests, 
ii. 513 
tests of, ii. 497 
metallic, i. 484 
new experiments on, 11.669 
table of the composition 
of several, i. 485 
hydrogureted, i. 435 
Sulphureted hydrogen, i. 429 
combines with 
oxides, i. 484 
with metals, i, 
488 
test of Jead, ii. 
513 
test of arsenic, 
ii. 562 
gas, quantity of 
absorbed by 
water, i, 253 


gas, modes of 
procuring, i. 
430 
properties of, i, 
431 
with alkalis 
earths 


, | and 
. forms hydro- 
sulpburets, i. 
436. 
gas, tests of, if 
515 ” 
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Sulphureted sul phites, i. 388, 
Sulphuric acid, i. 374 
component parts of, i. 
331 
purification of, i. 379 
decomposition of, i, 
382 
manufacture of, i. 386 
use of, as a test, ii. 
A496 
tests of, ij. 505 
method of ascertaining 
the purity of, ii. 576 
glacial, i. 385 
real, quantity of, in 
acid of different den- 
sities, ii, 641 
ether, ii. 327 
Sulphurized alcohol, i. 372 
Sulphurous acid, formation of, i. 383 
properties of, i, 384 
component parts of, 
i, 388. 
convertible into sul- 
phuric acid, i. 385 
tests of, ii, 513 
Sulphur vivum, i, 371 
Sumach, ii. 263 
Sun beams, cousist of three kinds of 
rays, i. 156 
Super-carbureted hydrogen, i. 414 
Super-oxalate of potassa, ii. 189 
soda, ii. 190 
Super-sulphate of mercury, ti, 115 
potassa, i. 530 
Super-sulphuret of iron, ii, 31 
Super-sulphureted hydrogen, 1.435 
Super-tartrate of potassa, ti, 213 
mode of as- 
certaining its pu- 
rity, ii. 584 
ee of combustion, i. 208; i, 
22 
Sympathetic inks. 
Synovia, ii, 433 
Synthesis, i, 41 


See Inks, 


Tallow, ii. 382, 
Tan, from galls, ii, 265 
how obtained, ii. 264 
properties of, ii, 267 
analysis of, ii. 270 
action on gelatine, ii, 356 
quantity afforded by different 
barks, ii, 267 
artificial formation of, 270 
Tannate of iron, ii. 28 
lead, ii, 270 
Tannin, ii, 264° 
Tanno-gelatine, ii. 268, 357 
Tomtalya the same with columbium, 
ii 
Tapioca, ii, 349 
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Far, miteral, ii, 804 
Tartar, cteat of; il, 914 


emetic, See Antiiiotiy, tata 
tariaéd 
soluble. See Potassa, tartrate 
of 
vitriolated,. See Potassa, sul- 
phate of 
Tartaric acid, mode of obtaining, ii. 


209 
properties of, ii. 211 
may be converted into 
oxalic and acetic, ii. 


ie 
analysis of, ii. 212 
. combinations of, ii. 
213 


mode of ascertaining the 
purity of, ii. 578 
Tartrate of potassa, ii, 212 
mode of ascertain- 
ingits purity, ii. 
584 
and soda, ii. 215 
mode of 
ascertaining its 
purity, ii. 584 
Tears, ii. 429 
Teeth, ii. 456 
Tellurates, ii, 101 
Tellureted hydrogen gas, ii. 102 
Tellurium, ii. 100 
acidifiable, ii. 100 
analysis of ores of, ii. 557 
compound of hydrogen 
with, ii. 101 
alloy of potassium with, i. 
102 
change of, produced by 
chemical union, i. 42 
influence of, on chemical] 
affinity, i. 60 
what, i. 81, 88 
method of ascertaining, 
i. 81 
change of, produced by 
solution, i. 259 
Tenacity of different metals, i, 461 
Tendons, ii. 460 
Terra japonica, ii, \74 
Tests, ii. A89 
Thermometer, i. 81 
Breguet’s, i. 90 
Daniell’s, i, 90 
i Wollaston’s, for mea- 
, suring heights, 119 
, its construction, i. 90, 
91, of 


Temperature, 


its rise nearly in the ratio 
of the increase of heat, 
i, 98 

rule for reducing gases 
to a given height of 
the, i, 23 
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Thermovieter, ait, 1 G4 
* differential, 1, 99 
Thermometers, various, correspondence 
between, ii. 612 
Thoracic duct, fluid in the, ii. 426 
Thorina, i. 610 
how prepared, i. 610 
properties of, i. 611 
in what respects it differs from 
other earths, i. 612 
Tin, chlorides of, ii. 38. 
precipitation of gold by, ii. 136 
muriate of, best test of platinum, 
ii. 143 
properties of, ii. 35 
oxides of, ii, "36 
hydrates of, ii. 37 
amalgam of, ii, 42 
sulphate Of, 11, a9 
subsul phate of, ii. 39 
nitrate of, ii. 39 
muriate of, ii, 40 
nitro-muriate of, ii. 41 
acetate of, ii, 41 
tartrate of, il, Fag 
sulphuret of, ii. 41 
alloys of, ii. 42 
action of arsenic acid on, ii, 52. 
analysis of ores of, ii, 553 
Tincal, i, 544 
Vinning, wet, ii. 141 
Titanium, ii. 82 
how obtained, ii. 82 
properties of, ii, 82 
analysis of ores of, ii. 557 
Tobacco, peculiar principle of, ii. 305, 
Tombac, iti. 99 
Treacle, ii. 180 
Tritoxides, i. AT7 
Tube of safety, i. 8 
dropping, i. Il 
Pubes, long or crooked, joint for unit- 
ing, i. 627 
Tulips, singular ‘substance from the 
pollen of, ii. 306 
Tunbridge water, ii, 654 
Tungstate of lime, ii, 62 
Tungsten, mode of obtaining, ii. 60 
characters of, ii. 61 
sulphuret of, ii, 62 
oxides of, ii. 62 
analysis of ores of, ii S67 
Tungstic acid, mode of obtaining, i ii. 62 
properties of, ii. 62 
Turbith mineral, ii. 115 
mode of ascertaining 
its purity, ii. 590 
Turf, ii. 300 
Turmeric,‘as a dye, ii. 263° 
paper and tincture, as tests, 
«ii. ADA 
Turpentine, oil of, ii. 232 
- 


fenverted into a kind of 


camphor, ii, 233 


Putends, ii 6h 
Zupes, metal, li. 73 


Ulmin, ii. 302 
Uranium, ii. 74. 
analysis of ores of, ii. 556 
Urates, ii. 386 
Urea, method of obtaining, ii, 371 
properties of, ii, 374 
alters the form of some muriates, 
ii. 375 * 
elements of, ii, 375 
Uric acid, ii. 385 
Urine, sugar found in, ii, 379 
gravel in, ii. 447 
calculi in, it. 445 
lJateritious sediment of, ii, 390 
_ properties, ii. 434 
analysis of, ii, 435 
salts of, ii, 437 
animal fluids in, ii. 439 
composition of, ii. 442 
putrefaction of, ii, 443° 
changes of, in diseases, ii. 443 
of different animals, ii. 444 


v. 


‘Vacuum, cooling of bodies in, i. 83, 
101 
boiling in, i. 118 
evaporation in, i. 121, 133 
Vapour, caloric the cause of, i. 116 
aqueous, in gases, corrections 
for,'i, 25 
quantity and force of, same 
in air as in vacuo, i. 121 
influence of pressure on, i. 
122 
elasticity of, at different 
temperatures, i. 123 
density is as its elasticity, i. 
194 
force of, in the atmosphere, 
into ee 
table of its force, ii. 617 
mixtures of with gases, ii. 
A483 . 
elastic force of, i. 124 
latent heat of, 1.125 
Varnishes, ii. 235 
Vauqgueline. See Strychnia 
Vegetable acids. See Acids 
extract, ii. 172 
jelly, ii. 179 
substances, ii. 161 
result of the 
spontaneous 
decomposition 
of, ii, 310 


Vapours, 


INDEX, 
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Vegetables, growth of, affected by eats 
bonic acid, i, 348 
Hert principles of, il, 


general laws respecting the 
composition of, ii, 171 
acids found native in, ii. 
194 
fixed oils obtained from, 
ii, 226 
Veratria, ii, 286 
Verdegris, ii, 97 : 
mode of ascertaining the pu- 
rity of, ii, 591 
distilled, ii, 97, 344. 
Verditer, ii. 95 
Vermilion, ii. 118 
Vinegar, ii, 341 
distilled. See Acetous Acid 
radical. See Acetic Acid 
Vinous fermentation, ii. 310 
Violets, syrup of, as a test, ii, 493 
test of its genuine- 
ness, ii. 493 
pickle of , ii, 495, note 
Vitriol, blue. See Copper, sulphate 


of 
green. See Iron, sulphate of 
white. See Zinc, sulphate of 


oi! of, table of the quantit 

of, and of dry ‘sulphuriallle 
acid in 100 parts by weight 
of diluted acid at different 
densities, ii. 641 

Volta’s eudiometer, i. 236 

pile, i. 167 
Volumes, theory of combination by, i. 
52 


proportions in,ofseveral com- 
pounds whose elements are 
gaseous, ii, 640 


W. 
Water, supposed not to conduct heat, 
i. 
is a slow conductor, i. 109 
quantity of coal required to 
evaporate, i. 127 
composition of, i, 244 
proportion of the elements of, 
i. 247 
analysis of, i. 250 
properties and effects of, i, 252 
contains air, 1. 252 
quantities of gases absorbed 
by, i. 253 
contained in the atmosphere 
in the driest weather, i. 254 
solidified in various. solids, i, 
258 
how retained, 1,253 — - 
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Water, change of temperature pro- 
duced by solution of bodies 
in, i, 259 
during solution gives out air, 
and has its bulk altered, i. 
259 
has itssolvent power increased, 
by diminishing the pressure, 
i. 260 
expands by cold, i. 261 
decomposed by ealvaniow, i, 
116 
formed from its elements by 
the intervention of charcoal, 
i. 331 
apparatus for showing the com- 
‘position of, i, 244 
apparatus for showing 
decomposition of, i, 250 
danger of leaden vessels for, 
ii. 105 
table of its expansion by heat, 
ii, 622 
solubility of salts in, ii. 620 
sea, analysis, ti, 522 
Waters, mineral. See Mineral Waters 
War, ii. 273 
Weights, English, ii. 601 
reduced to French, 
603, 608 
German, ii. 602 
Dutch, ii. 602 
Swedish, ii. 602 
old French, ii. 603 
modern French, i ii. 608 
absolute, of gases, i. 19 
Welding, ii. 140, note 
Welther’s tube of safety, i, 8 
Wet-tinning, ti. 141 
Wheat, ii, 247 
W hey, ii. 423 
White, how produced on a black 
ground in calico printing, 
ii. 263 
lead, ii. 108 
~ mode of ascertaining its 
purity, ii, 591 
Wind-furnace, i. 2, 632 
Wine, tests of the presence of lead in, 
ii.575 
oil of, ii, 328 


the 
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Tine, table of quantities of alcohol in 
various sorts of, ii, 313 


Wires, tenacity of, i. 461 


Wolfram, ii, 62 . 
Wood, quantity of charcoal afforded 
by ditterent kinds of, i. 329 


‘FV oody fibre, ti. 255 


Wool, ii. 462 
Woulfe’s apparatus, i. 7, 625 


Xx. 


Xanthic oxide, ii. 452 
Xanthogen, ii, 665 


¥. 
Yellow, mineral, or patent, ii, 106 
dyes, ii, 263 
Yitria, i. 601 
method of obtaining, i. 601 
its properties, i, 601 
precipitated by prussiates, ii, 
509 


Z. 
Zaffre, ii. 82 
Zero, absolute, i. 88 
Zimome, ii. 252 
Zinc, ii. 1h 
alloys of, ii. il 
purification of, ii, IL 
properties of, ii. 12 
chloride of, ii, 12 
iodate, ii, 13 
oxide of, modes of ascertaining 
the purity of, ii. 590 
, solution of, in hydrogen gas, ii. 
; 13 . 
sulphate of, ii. 13 
nitrate of, ii, 14 
muriate of, ii. 14 
oxidized and dissolved by alka- 
lis, t1.15 
sulphuret of; ii, 15 
phosphuret of, ii. 16 
analysis of ores of, ii. 554 
Zirconia, method of obtaining, i. 612 
its properties, i, 613 - 
Zirconium, i, 611 
Zoonic acid, ii, 393 
Zumic acid, ii, 224 
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